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1 .o SUMMARY 

A parametric study was conducted t o  analytically determine the cyclic 
thermomechanical behavior of various configurations of the outer cy1 inder 

of a plug type thrust chamber developed by the NASA/LeRC. The cylinder 
conforms t o  a t e s t  model which was developed t o  evaluate candidate materials 
as thrust  chamber l iners in an engine designed for  high performance and 
extended low-cycle fatigue l i f e  for reusability. 

The objective was t o  identify material properties which significantly 
affect  the inelast ic  behavior of the cylinder under a specified thrust 
chamber operating cycle consisting of a hot  phase (engine b u r n ) ,  a 
cold phase (engine shutdown with cy1 inder coolant flowing) and transients 
connecting the two phases. 
analyses of variations of a basic configuration of the cylinder. The 
basic cylinder was modeled from typical physical and  mechanical properties 
of a copper alloy called Amzirc. Material properties such as thermal 
conductivity arid yield strength were varied, one a t  a time, t o  evaluate 
the effects on thermomechanical response o f  the cylinder t o  the thrust 
chamber operating cycle. 

The s tudy  involved heat flow and structural 

The cyclic heat flow analysis was performed w i t h  the Boeing Engineering 
Thermal Analyzer (BETA) program. 
difference digital  computer program for computing transient o r  steady 
s ta te  heat flow in two or  three dimensions. 

BETA i s  a large capacity f i n i t e  

Structural response t o  the applied pressure/temperature cycle was 
determined with the Boeing Plastic Analysis Capability for Engines 
(BOPACE) program. BOPACE i s  a f in i  te-element digi ta l  computer program 
which provides two or three dimensional incremental analysis of problems 
in vi scopl as t ic i  ty . 
Results are presented which show plots o f  continuous temperature histories 
and diagrams of continuous isotherms a t  selected times d u r i n g  the 
thrust chamber operating cycle. 
regions for  low-cycle fatigue, cyclic histories of s t ra in ,  isograms 

Computed structural data show cr i t ica l  

1-1 



1 .o (Continued) 

of effective s t ra in  a t  c r i t i ca l  times during the cycle, and variations 
in maximum effective s t ra in  with each material narameter. Results 
show t h a t  inelast ic  s t ra ins  in Amzirc are reduced most effectively 
by decreasing thermal expansion and increasing thermal conductivi tv .  
A twenty (20)  percent reduction in thermal expansion resulted in a 
fifty-one (51) percent reduction in maximum computed effective s t ra in  
range. A twenty-two ( 2 2 )  percent increase in the average value of thermal 
conductivity for  the enqine b u r n  period resulted in a five ( 5 )  Dercent 
reduction in the peak temperature and a twenty-six ( 2 6 )  percent reduction 
in maximum effective s t ra in  range. 

1-2 



2.0 I MRODUCTION 

The advent o f  t h e  Space S h u t t l e  has brought a new era  i n  the  desiqn 

and f a b r i c a t i o n  o f  rocke t  nozzles. 
coupled w i t h  weight and volume l i m i t a t i o n s  has r e s u l t e d  i n  the  desiqn 
o f  r o c k e t  nozzles t h a t  operate a t  chamber Dressures i n  excess o f  2000 
N/cm Th is  has e leva ted  t h e  t h r o a t  heat f l u x  from 3300 

t o  16,000 W/cm2 (100 Btu/ in2-sec) f o r  t he  Space Shu t t l e  Main Engine. 
A f u r t h e r  requirement f o r  f u t u r e  h igh  performance rocke t  nozzles i s  
r e u s a b i l i t y .  
be capable o f  ouera t ing  f o r  several  hundred major thermal cyc les .  

The requirement o f  high-performance 

2 (3000 p s i a ) .  
W/cm 2 (20 B t u / i n  2 -sec) f o r  present day h igh  performance rocke t  nozzles 

For example, t h e  nozzle may have the  requirement t h a t  i t  

The combination o f  h i g h  performance and r e u s a b i l i t y  has created major 

design problems. One o f  t h e  c r i t i c a l  aspects o f  the nozzle design 
i s  low-cycle f a t i g u e  l i f e .  This has become a major design problem 
s ince  a p o r t i o n  o f  t he  nozzle, p a r t i c u l a r l y  the t h r o a t  sect ion,  i s  
subjected t o  c y c l i c  i n e l a s t i c  s t r a i n  due t o  the  l a r g e  temperature 
g rad ien t  between t h e  h o t  i n n e r  w a l l  and the  r e l a t i v e l y  cool ou te r  
s h e l l  du r ing  t h e  engine s t a r t - s t o p  t r a n s i e n t s  as w e l l  as du r ing  the 

sustained burn per iod ,  This has a major impact on nozzle l i f e  and 

creates t h e  need t o  accu ra te l y  D r e d i c t  when an engine may f a i  

An essen t ia l  p a r t  i n  development o f  a reusable rocke t  nozzle 

m a t e r i a l  se lec t i on .  Recognizing t h e  need, NASA has i n i t i a t e d  
t o  i d e n t i f y  most s u i t a b l e  m a t e r i a l s  f o r  engine components and 
m a t e r i a l  p r o p e r t i e s  which most s i g n i f i c a n t l y  a f f e c t  low-cycle 

S 

programs 
t o  study 
f a t i g u e  

damage. I n  p a r t i c u l a r ,  LeRC i s  conduct ing programs t o  t e s t  a v a i l a b l e  
copper-base a' l loys as t h r u s t  chamber ' l iners  and t o  oerform a n a l y t i c a l  
s tud ies  o f  copper t o  assess v a r i a t i o n s  i n  t h r u s t  chamber thermomechanical 
behavior w i t h  changes i n  m a t e r i a l  va r iab les  such as thermal c o n d u c t i v i t y  
and y i e l d  s t reng th .  The r e s u l t s  o f  t h e  t e s t s  and analyses may lead  
t o  development o f  new mate r ia l s  w i t h  g rea te r  res i s tance  t o  low-cycle 

f a t i g u e  damage. 

2-1 
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3.0 PLUG NOZZLE THRUST CHAMBER 

The structure analyzed durins th i s  study i s  the outer cylinder of a 
plug type thrust  chamber. The region analyzed was near the thrust 
chamber throat plane and i s  shown i n  cross section in Figure 3.0-1.  
Details of structural arrangement and dimensions of the thrust chamber 
centerbody as well as the outer cylinder are presented in this  figure. 

Eleven (11 ) different configurations of the outer cylinder were 
analyzed in the parametric study. Dimensions of a1 1 configurations 
were the same; differences consisted only of material properties 
assigned t o  the thermal and structural models used in the analyses. 
For the purpose of identification the configurations were defined 
by identification numbers P.0 t h r o u g h  P.10. P.0 was the baseline, 
modeled from typical material properties of half-hard Amzirc. The 
differences in the cylinder configurations are shown in Table 3.0-1. 

A review of material conductivity d a t a  was carried o u t  in order t o  
establish significant yet r ea l i s t i c  extremes of thermal conductivity 
to use for P.l and P . 2  analyses. 
a l l  solid materials was that  for annealed pure s i lver .  Since the intent 
was t o  employ arb i t ra r i ly  varied properties, which were n o t  necessarily 
representative of any real material, i t  was decided t o  t rea t  the high 
and low extreme conductivity values as constants, independent of 
temperature. 

The highest conductivity found among 

The high conductivity case, identified as configuration P . 1 ,  used a 
conductivity of 4.80 watt/cm-K (6.422 X 

i s  approximately the value for chemically pure, annealed s i lver  in the 
temperature range from 367K (200°F) t o  1089K (1500°F). 

Btu/in-sec-OR) , which 

For the low conductivity case, configuration P . 2 ,  a value of 1.86 watt /  
cm-K (2.5 X Btu/in-sec-OR) was chosen. This value i s  approximately 
one half the room temperature conductivity of Amzirc. This value, 
which i s  roughly representative of the conductivities of beryllium 
copDer or certain brasses, was f e l t  t o  differ  sufficiently from the 

3- 1 



3.0 (Con t i nued ) 

base l ine  value t o  produce a s i g n i f i c a n t  impact on s t r a i n  r e s u l t s  b u t  
n o t  f a l l  ou ts ide  the  range o f  r e a l  m a t e r i a l s .  

3.1 BASELINE MATERIAL PROPERTIES 

Base1 i n e  m a t e r i a l  p r o p e r t i e s  used- i n  thermal and s t r u c t u r a l  analyses 

of the  c y l i n d e r  were developed from data i n  Reference 1. These 
p r o p e r t i e s  de f i ne  the  temperature dependent charac ter  o f  thermal 
c o n d u c t i v i t y ,  s p e c i f i c  heat, dens i ty ,  thermal expansion, modulus 
of e l a s t i c i t y ,  Poisson's r a t i o ,  t y D i c a l  s t r e s s - s t r a i n  behavior and 
creep. The base l i ne  p r o p e r t i e s  a re  shown i n  Figures 3.1-1 through 
3.1-8. 

3.2 OPERATING CONDITIONS 

The opera t i ng  cond i t i ons  f o r  t h e  thermal and s t r e s s - s t r a i n  analyses 
were s p e c i f i e d  by the  NASA LeRC P r o j e c t  Manager. 
ope ra t i ng  cond i t i ons  were de f ined i n  terms o f  thermal boundary cond i t i ons  
(heat  t r a n s f e r  c o e f f i c i e n t s ,  nozzle sur face  ad iaba t i c  wa l l  temperatures , 
and coo lan t  b u l k  temperatures). 
cons is ted  o f  d e f i n i t i o n s  o f  pressures on t h e  nozzle surfaces and coo lan t  
channel wa l l s .  A l l  cond i t i ons  were s p e c i f i e d  through a t y p i c a l  opera t ing  
cyc le ,  c o n s i s t i n g  o f  a h o t  phase (engine burn), a c o l d  phase (engine 
shut down b u t  coo lan t  f low ing) ,  and t r a n s i e n t s  connecting t h e  two phases. 
A l l  cond i t i ons  were constant du r ing  the  two main Phases and t h e  t r a n s i e n t s  
were a l l  assumed t o  be l i n e a r  v a r i a t i o n s  between the  appropr ia te  main 
phase values over spec i f i ed  Periods o f  t ime. 
o f  t he  opera t ing  cond i t i ons  a re  shown i n  F igure  3.2-1. 

The thermal 

Mechanical ope ra t i ng  cond i t ions  

The l e v e l s  and dura t ions  

3-2 



OUTER CYLINDER 

40 COOLANT CHANNELS 
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CHANNEL R I B  
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CENTERBODY 
D E T A I L  A 

(DIMENSIONS I N  MILLIMETERS)  

FIGURE 3.0-1 CROSS SECTION OF PLUG NOZZLE THRUST CHAMBER THROAT 
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TEMPERATURE, O K  ( O R )  

F I G U R E  3.1-1 E F F E C T  O F  TEMPERATURE ON THERMAL CONDUCTIVITY O F  AMZIRC 

F I G U R E  3.1-2 E F F E C T  OF TEMPERATURE ON S P E C I F I C  HEAT OF AMZIRC 
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FIGURE 3.1-3 EFFECT OF TEMPERATURE ON DENSITY OF AMZIRC 

FIGURE 3.1-4 ESTIMATED CREEP BEHAVIOR OF 1/2 HARD AMZIRC 
3-6 



t i  

s 
w 
0 fx 
w a 
n 

Q 
0 e- m 
c\1 

FIGURE 3.1-5 THERMAL EXPANSION OF AMZIRC 

N 
E 
E 
1 z 

(200) (400) (600) (800) (1000) (1200) (1400) 
TEMPERATURE, O K  (OR) 

FIGURE 3.1-6 EFFECT OF TEMPERATURE ON PROPORTIONAL L I M I T  OF AMZIRC 

3-7 



1 c') 

""'0 111 222 333 444 555 666 777 
(200) (400) (600) (800) (1000) (1200) (1400) 

TEMPERATURE, O K  (OR) 

F 1-7 EFFECT OF TWERATURE W ELASTIC MODULUS OF AMZIRC 

n 

m 
Y 

Y 

U 

STRAIN, PERCENT 

FIGURE 3-1-8 TYPICAL STRESS-STRAIN CURVES FOR 1 /2  HARD AMZIRC 

3-8 



WALL TEMPERATURE 

WALL PRESSURE 

COOLANT SIDE HEAT 
TRANSFER COEFFICIENT (Btu 

WALL PRESSURE 

TYPICAL CYCLE HISTORY 
Heat Transfer 
Coefficient, A 
Temperature, 

or 
Press ure 

COLD HOT 
PHASE PHASE 

Time 

Figure 3.2-1 BOUNDARY CONDITIONS FOR THERMAL ANALYSES 
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4.0 PLUG NOZZLE THRUST CHAMBER MODELS 

The models used in analyzing the heat flow and structural behavior o f  
the outer cylinder are presented. Two sets  o f  models were developed; 
one se t  was used t o  perform heat transfer analyses w i t h  the BETA 
program, and the second se t  was developed t o  perform the viscoplastic 
structural analyses w i t h  the BOPACE program. Boundaries of  the 
thermal and structural models were identical , b u t  the number of 
nodes and their  locations were different.  
of each model was determined by accuracy and practical modelinn resuire- 
ments of the two types o f  analysis. 

The mesh size and  qeometry 

4.1 THERMAL ANALYSIS YODEL 

The BETA program is  a large capacity digital  program for computing 
transient or steady s ta te  heat flow i n  two o r  three dimensions. 
program performs numerical so lu t ions  o f  the thermal diffusion 
equations, accounting for solid conduction, thermal capacitance, r a d i a t i o n  
interchange, convection, and internally produced or absorbed heat, as 
required. Variation of material properties w i t h  temperature or any 
other variable may be accounted for and a wide variety of boundary conditions 
may be accommodated . 

The 

The analytical model of the nozzle cylinder i s  shown i n  Figure 4.1-1. 
The properties of symmetry were exploited i n  order t o  t rea t  the smallest 
representative segment of the cylinder, thus maximizing the practical 
modeling detail  and resulting analysis accuracy. The l ine segment 
intersections, some of which are numbered on the f i w r e ,  rewesent 
nodes a t  which mass and material specific heat values were concentrated, 
t h u s  defining thermal capacitor quantities. 
the nodes represent thermal conductors , i ncorDorati ng material thermal 
conductivity, conducting length, and conductor cross section area. 
of the analysis consists of temperatures a t  each of  the nodes a t  a n y  

desired times dur ing  the cycle. 

The l ine segments connecting 

O u t p u t  
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4.1 (Continued) 

Appendix A g ives t h e  l oca t i ons  o f  nodes shown on F igure 4.1-1. 

4.2 STRUCTURAL ANALYSIS MODEL 

The BOPACE f i n i t e -e lemen t  model used i n  the s t r u c t u r a l  analyses o f  the 
ou te r  c y l i n d e r  c o n f i g u r a t i o n  i s  shown i n  F igure 4.2-1. 
shows the  f i n i t e  element i d e n t i f i c a t i o n  numbers which correspond t o  the 
element data l i s t e d  i n  Appendix B. 

comprised o f  g loba l  node numbers which de f i ne  each f i n i t e  element i n  
terms o f  i t s  l o c a l  node numbers. The nodal coord inate data are a lso  
l i s t e d  i n  Appendix B. 

The f i g u r e  

The tabu la ted  element data are 

The BOPACE program prov ides e i t h e r  the  p lane -s t ra in  o r  p lane-st ress 
constant  s t r a i n  t r i a n g l e s  f o r  s t r u c t u r a l  ana lys is  o f  problems i n  
v i s c o p l a s t i c i t y .  It was assumed t h a t  t he  more appropr ia te  model o f  
the p l u g  nozz le t h r u s t  chamber problem would be the p lane -s t ra in  
element . 
Because o f  symmetry of geometry and load inq  cond i t ions  a t  the nozzle 
t h r o a t  plane, i t  was poss ib le  t o  perform the s t r u c t u r a l  analys is  w i t h  
a model bounded by the  i n n e r  and ou te r  surfaces and by r a d i a l  planes 

through the center  o f  the  channel r i b  and coolant  channel; t he  boundaries 
of the  BOPACE model co inc ide  w i t h  the  boundaries o f  the  BETA model. 

The f i n i t e  element model o f  the ou te r  c y l i n d e r  consis ted o f  174 nodes 
w i t h  281 elements. A f i n e  mesh was used t o  model the  area between the  
heated sur face and coo lan t  channel because h i g h l y  i n e l a s t i c  behavior 

was a n t i c i p a t e d  fo r  t h i s  reg ion.  
i n  t h e  reg ions which exper ience l i t t l e  o r ' no  i n e l a s t i c  deformat ion 
dur ing  the  opera t ing  cyc le .  

A r e l a t i v e l y  coarse mesh was used 
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FIGURE 4.1-1 PLUG NOZZLE CYLINDER THERMAL MODEL 
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5.0 HEAT TRANSFER ANALYSIS 

I n  addition t o  material properties discussed in Section 3 .1 ,  a 
definit ion of operating conditions a s  discussed in Section 3 .2 ,  
and analytical models discussed in Section 4 .1 ,  the execution of 
the thermal analysis required a description of the i n i t i a l  temperature 
a t  each node. 
of the engine, some ambient or room temperature value could reasonably 
be assumed as a uniform i n i t i a l  temperature. On the other hand ,  a f te r  
repeated cycles as  shown in Fiuure 3.2-1, some stable periodic terwera- 
ture  variation for  each node could be expected t o  develop. 

For analysis representing the f i r s t  operating cycle 

Thermal analyses of the cold phase were performed with the in i t i a l  
cy1 inder temperatures assumed as room temperature and  resul ts  compared 
with resul ts  based on i n i t i a l  temperatures assumed as the computed 
temperatures a t  the end of the h o t  phase. 
of the differences in in i t i a l  temperatures disappeared long before the 
end of an assumed 1 .65  second in i t i a l  chill-down phase. Furthermore, 
i t  was found in each cold phase analysis t h a t  a l l  cylinder configurations 
reached a constant, uniform temperature condition, w i t h  temperature 
equal t o  the coolant bulk value, before the end of the cold phase. 
T h u s ,  th i s  temperature was used as the in i t i a l  temperature existing 
a t  the beginning o f  the cold-hot (engine s t a r t )  transient.  
procedure actually followed for  each configuration was to analyze 
the hot phase f i r s t  and t o  use the temperatures computed a t  the end 
of the h o t  phase a s  the i n i t i a l  temperatures for  the cold phase. 

I t  was found t h a t  the effects 

The 

Since the length of each cold phase was apparently sufficient t o  
allow an approach to steady-state conditions, i t  was concluded t h a t  
the thermal analysis o f  a single cycle as described simulated with 
equal accuracy, the f i r s t  cycle of the engine's operation, or a 
typical cycle in a chain of many. 

5-1 



5.1 THERMAL ANALYSIS RESULTS 

Results of thermal analyses a re  summarized by means of plots of 
continuous temperature h is tor ies  fo r  
a l l  three cases and a diagram of continuous isotherms a t  a few selected 
times d u r i n g  the cycle f o r  each case. 

.ew selected locations for  

Figures 5.1-1, 5.1-2 and 5.1-3 show temperature h is tor ies  through a 
complete heating-cool i n g  cycle fo r  cer ta in  selected locations on 
configurations P.0, P.l , and P.2, respectively. Figures 5.1-4, 5.1-5 
and 5.1-6 show isotherms a t  25°C intervals  f o r  the three cases existing 
a t  0.50 second a f t e r  the beginning of the heating phase o f  the cycle. 
The isotherm plots show clear ly  the changes i n  thermal gradients re- 
sul t ing from the changes i n  thermal conductivity. 
tha t  there i s  l i t t l e  change i n  the general shape of the isotherm 
contours w i t h  changes i n  conductivity. 

I t  i s  also c lear  
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Figure 5.1-5 
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6.0 STRUCTURAL ANALYSIS 

The thrust  chamber structural analysis was performed with the BOPACE 
computer program t o  account for ,  in an incremental manner, effects of 
variable amplitude cyclic loads and temperatures. 
variations of material properties with temperature, mechanically or 
thermally induced n las t ic i ty ,  and combinations of creen and stress 
relaxation are incorporated in the program. 

I n  addition, 

O u t p u t  from the BOPACE program provided histories of stresses and strains 
and their  mu1 t iaxial  component parts ( e l a s t i c ,  plastic and  creen) 
t h r o u g h o u t  the finite-element model of Section 4.0.  These results were 
evaluated to define times and locations and magnitudes of maximum 
s t ra ins ,  s t ra in  histories,  and isograms of effective strains a t  c r i t i ca l  
times during the operating cycle. The c r i t i ca l  times (times of occurrence 
of maximum effective s t ra in)  were approximately 1.85 and 3.50 seconds 
for a1 1 cy1 inder configurations. Thus the c r i t i ca l  time period 
encompassed the engine b u r n  phase and included portions of the s t a r t  
and shutdown transients.  Dur ing  the c r i t i ca l  time period, strains 
generally went t h r o u g h  a complete reversal throughout the inner wall 
region. 
Table 6.0-1. 

A summary of maximum effective s t ra ins  i s  presented in 

6.1 STRUCTURAL ANALYSIS RESULTS 

Results of the structural analyses were summarized by means of s t ra in  
and temperature histories of the c r i t i ca l  region i n  each configuration. 
The c r i t i ca l  region i s  defined as  the f i n i t e  element exhibiting the 
maximum effective s t ra in  range during the oDerating cycle. 
histories for radial ,  circumferential, and axial components are also 
shown. 
s t ra ins  were observed are also defined for  the operating cycle. The 
c r i t i ca l  times which occurred during start  and shutdown transients 
generally coincided with times of maximum temperature gradients in 
the radi a1 di rection. 

S t r a i n  

Since histories are presented, the times a t  which maximum 
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6.1 (Continued) 

The histories of component s t ra ins  do n o t  present the t o t a l  s trains in 
that thermal s t ra in  i s  not included. 
presentation i s  t h a t  the plotted values were the quantities used 
in computing the total  effective s t ra in  (equivalent uniaxial s t r a in )  
from the equation 

The reason for this method of  

where subscripts r ,  e ,  z denote radial ,  circumferential and axial 
s t ra ins  respectively and superscript t denotes total  cumulative s t ra in  
defined by 

( 6 . 1 - 1 )  

( 6 . 1 - 2 )  

Here superscripts e ,  p ,  c,  T denote e l a s t i c ,  plast ic ,  creep and thermal 
s t ra ins .  Since the materials were assumed isotropic in thermal s t ra in ,  
this quantity cancels from equation (6.1-1) .  
since the total  s t ra in  in the axial direction must be zero for the 
plane-strain model, the thermal s t ra in  histories are simply the negative 
values of the histories shown for the axial s t ra in  component. 

I t  should be noted t h a t  

The c r i t i ca l  s t ra in  and tenmeratwe data are shown in Figures 6.1-1 
through 6.1-29. 
ture i s  a t  the beginning o f  the in i t i a l  thrust chamber cooldown from 
294°K. Since the in i t i a l  cooldown was used only t o  carry the thrust  
chamber cylinder t o  the beginning of start  transient,  the same in i t i a l  
temperature-pressure increments were used for a l l  cylinder configurations. 
These i n i t i a l  cooldown increments provided satisfactory convergence 
within the BOPACE program; experience has shown that more rapid con- 
vergence t o  the deformed configuration i s  achieved when temperature 
increments of - < 65°C are used in the BOPACE analysis. 
ture change during in i t i a l  cooldown of the cylinders was 249°C. Thus, 
several loading increments for i n i t i a l  cooldown were necessary. Since 
the behavior during in i t i a l  cooldown of the cylinder i s  time independent 

The time origin of the histories of s t ra in  and temnera- 

The total tempera- 
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6.1 ( Con t i nued) 

and temperature gradients were not expected to  d i f f e r  significantly 
from configuration to configuration, the conditions a t  the end of 
this  period depend only on the model and the convergence cr i ter ion 
required t o  follow the monotonically decreasing temDerature t o  the 
beginning of s t a r t  t ransient .  

A sampling of s t ra in  and temerature his tor ies  of f i n i t e  elements 
within the h igh  s t r a in  region of the cylinder confiqurations i s  
shown i n  Appendix C .  
i s  the inner wall. 

The h i g h  s t ra in  area w i t h i n  the cylinder model 

6.1.1 S t r a i n  and Temperature Histories 

The his tor ies  of s t ra in  i n  the c r i t i ca l  region of baseline configuration 
P.0 are shown i n  Figures 6.1-1 and 6.1-2. The c r i t i ca l  region i s  
element #131 located a t  the centerline of the coolant channel on the 
channel surface. The maximum effective s t ra ins  shown i n  Figure 6.1-2 
were 1.31 and 2.21 percent a t  1.85 and 3.50 seconds respectively. T h u s  
the computed cyclic strain range i n  element #131 is  3.52 percent. 

The temperature history of element #131 i s  shown i n  Figure 6.1-3 which 
shows tha t  the temperature i n  that  region increased from 600°K t o  700°K 
between 1.85 and 3.20 seconds then decreased to  100°K a t  3.50 seconds. 
T h i s  temperature hi story appl i es to  a1 1 conf i gurations except P .  1 and 
P . 2  since thermal properties were invariant for  a l l  b u t  P.l and P . 2 .  

The c r i t i ca l  s t ra in  range was applied to the fatigue curve for  half- 
hard Amzirc shown i n  Figure 6.1-4. The predicted cycles to  fracture 
in element #131 of P.0 i s  approximately 600 cycles. 

Shutdown was the most damaging phase of the cycle for P.0 as evidenced 
by the magnitude of peak s t ra ins  and the presence of a region of 
h i g h  s t r a in  extending diagonally across the inner wall from element #8 

on the heated surface to  element #131. 
indicated by the shaded region of Figure 6.1-5. 

This band of h i g h  s t ra in  is  
The effective 
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6.1.1 (Continued) 

s t ra ins  w i t h i n  t h i s  band are shown in Figure 6.1-6. 
that  a relatively large gradient in effective s t ra in  range (aDproximately 
16 percent per cm) developed i n  the band extending from element P(65 
t o  element #131. 
of a low-cycle fatigue crack, b u t  because of the large qradient in 
effective s t ra in  range, i t  i s  d i f f i cu l t  t o  predict the number of cycles 
t o  a through crack condition. 
established from t e s t  data for uniaxial specimens with homogeneous 
s t ra ins  in the t e s t  section. 
was uniform within the uniaxial specimens. Cumulative damage i s  n o t  
uniform t h r o u g h o u t  the inner wall of P.0 and through fracture of the 
inner wall will depend on the rate  of crack growth from the small area 
of element #131. (Note: The area o f  element #131 i s  0.0094 square m m ,  
or approximately 0.7 percent of the area of the inner wall model). 

I t  was observed 

Element #131 is  expected t o  be the "point" of ini t ia t ion 

This i s  because the fatigue curve was 

Thus cumulative low-cycle fatigue damage 

Predicted creep behavior of element #131 i s  shown in Figure 6.1-7.  
Element #131 creep data are representative of comDuted time dependent 
s t ra ins  t h r o u g h o u t  the inner wall region of a l l  cylinder configurations. 
Since creep s t ra ins  were three orders i n  magnitude smaller than  
total  effective s t ra in ,  creep has a negligible effect  on low-cycle 
fatigue l i f e  of the cylinders. Also, creep i s  expected t o  remain 
almost constant a f t e r  the f i r s t  cycle because of hardening and the 
fac t  t h a t  unloading during the cooldown transient hamens so rapidlv 
t h a t  measurable creep reversal will not occur. 

Strain and temperature histories for a l l  other Configurations are 
presented in Figures 6.1-8 th rough  6.1-38. 
t o  those computed for P.O.  
down transients a t  times of 1.85 and 3.50 seconds. 
t h a t  peak strain ranges for a l l  parametric configurations were lower 
than the computed value for the baseline. 

The results are similar 

I t  was observed 
Peak s t ra ins  occur during s t a r t  and shut- 
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6 .1 .1  (Continued) 

Strain and temperature histories a t  two different locations are Dre- 
sented for configurations P . 2 ,  P.3 and P.4. This was done t o  show 
conditions a t  the c r i t i ca l  region which was different than  element 
#131. Strain and temperature histories are also shown for element 
#131 of these three cylinders for comparison with baseline data. 
i s  seen t h a t  shutdown was the most damaging phase of the cycle for a l l  
configurations except P.2 and P .4 .  

I t  

6 .1 .2  Variation in Strain with Change in Parameters 

The parametric effects  on maximum strain range of the various con- 
figurations are summarized in Table 6.1-1. 
of material properties considered in the parametric study resulted in a 
reduction of the maximum strain range with resDect t o  the baseline case. 
The reduction ranged from 2 t o  51 percent, b u t  th i s  does n o t  mean t h a t  
a l l  changes in the material variables resul t  in decreased low-cycle 
fatigue damage and increased cyclic l i f e .  For example, the 52 percent 
decrease in average thermal conductivity for case P . 2  resulted in a n  
8 percent reduction in maximum effective s t ra in .  Closer examination 
showed, however, t h a t  temperatures were higher for P . 2  and also t h a t  
s t ra ins  throughout the inner wall region were significantly higher 
t h a n  in P.0 during s t a r t  transient.  Thus the effective s t ra in  range 
was more uniform as well as higher i n  the ent i re  inner wall region 
which means cyclic damage i s  more extensive in P . 2 .  These results 
in addition t o  other parametric effects are reviewed in more detail 
in the following paragraphs. 

I t  i s  seen t h a t  a l l  variations 

Thermal Conductivity Effects 

The variation in maximum effective s t ra in  with thermal conductivity i s  

shown in Figure 6.1-39. 
resulted in a decrease of 26 percent i n  maximum effective strain range 
w i t h  the greatest change occurring d u r i n g  shutdown.  In addition, the 
thermal analyses showed an 8 percent decrease in peak temperatures of 

The high thermal conductivity case ( P . 1 )  
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6.1.2 (Continued) 

P.l with respect to P.0 (Appendix C ) .  A comparison of the s t ra in  f ie ld  
a t  the c r i t i ca l  times i s  shown i n  Figures 6.1-44 and  6.1-45 which pre- 
sent isograms of effective s t ra in .  
the P.1 s t ra ins  are lower than  P.O. T h u s  cyclic damage i s  less severe 
for the high conductivity case. 

I t  i s  seen from the isograms t h a t  

The low conductivity case ( P . 2 )  resulted in a decrease of peak strain 
and also caused a s h i f t  in the c r i t i ca l  region from element #131 observed 
i n  P.0 and P.l t o  element #lo. Element #10 i s  located a t  the centerline 
of the r ib  on the heated surface of the cylinder. The computed P . 2  d a t a  
showed only an 8 percent decrease i n  peak s t ra ins  while peak temperatures 
increased by 27% over the baseline case. The isograms show that while 
the peak s t ra in  range decreased by 8 percent, the deformation in P . 2  
was more uniform in the inner wall region and significantly higher during 
the s tar t  transient.  Although the effective s t ra in  range was lower 
i n  P . 2  t h a n  the baseline, the low conductivity case apDears to be 
more damaging because overall plast ic  flow in the inner wall was greater 
for th i s  condition. Also Figure 6.1-39 indicates t h a t  P.0 may n o t  be 
the maximum point of the s t ra in  range curve since the slope i s  relatively 
f l a t  between P . 2  and P.O. 

In  summary, the thermal conductivity parametric study indicates t h a t  
increasing the conductivity of half-hard Amzirc i s  beneficial t o  the 
l i f e  of the plug nozzle cylinder. 
decreased w i t h  increasing conductivity. 
ever, i s  detrimental t o  fatigue l i f e  of the Amzirc cylinder. 

Bo th  temperatures and strains 
Decreasing conductivity , how- 

Thermal Expansion Effects 

Thermal expansion effects  on maximum effective s t ra ins  are shown in 
Figure 6.1-40. An increase in the coefficient of thermal expansion 
by 20 percent (P.3) caused the maximum effective s t ra in  to  decrease by 
14 percent and t o  cause a s l igh t  sh i f t  in the c r i t i ca l  region. 
#133 was the c r i t i ca l  element in P.3. 

Element 
The greatest effect  on P.3 
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6.1.2 (Cont inued) 

s t r a i n  occurred d u r i n g  shutdown where maximum e f f e c t i v e  s t r a i n  decreased 
32 percent  over  t h e  basel ine.  

A comparison o f  isograms f o r  P.0 and P.3 i n  F igures 6.1-46 and 6.1-47 
show t h a t  i n n e r  w a l l  s t r a i n s  a r e  g e n e r a l l y  l a r g e r  d u r i n g  s t a r t  and 
shutdown i n  P.3. Thus o v e r a l l  c y c l i c  damage i s  g r e a t e r  i n  P.3 and 
s ince  the  peak s t r a i n  ranges a r e  n e a r l y  t h e  same (3.0 percent i n  P.3 
and 3.5 percent  i n  P.0) an increase i n  t h e  c o e f f i c i e n t  o f  thermal ex- 
pansion appears de t r imenta l  t o  f a t i g u e  1 i f e .  

The most s i g n i f i c a n t  e f f e c t s  observed i n  t h e  parametr ic  study occurred 
when t h e  c o e f f i c i e n t  o f  thermal expansion was reduced 20 percent  over 
t h e  basel ine.  T h i s  c o n f i g u r a t i o n  (P.4) e x h i b i t e d  a 51 percent  decrease 
i n  the  maximum e f f e c t i v e  s t r a i n  range w i t h  respec t  t o  P.0 under the same 
o p e r a t i n g  c y c l e .  Also, the  c r i t i c a l  element i n  P.4 was element # l o .  The 
g r e a t e s t  e f f e c t  of P.4 s t r a i n s  occurred d u r i n g  shutdown where the maximum 
e f f e c t i v e  s t r a i n  decreased 80 percent  over  P.O. 

A comparison o f  the  isograms i n  F igures 6.1-46 and 6.1-47 shows t h a t  
decreasing the  c o e f f i c i e n t  of thermal expansion i s  d e f i n i t e l y  b e n e f i c i a l  
t o  f a t i g u e  l i f e .  
lower  a t  t h e  c r i t i c a l  t imes. 

S t r a i n s  throughout the i n n e r  w a l l  o f  P.4 a re  s i g n i f i c a n t l y  

Modulus o f  E l a s t i c i t y  E f f e c t s  

The v a r i a t i o n  i n  maximum e f f e c t i v e  s t r a i n  w i t h  e l a s t i c  modulus i s  

shown i n  F igure  6.1-41. 
(P.5) e x h i b i t e d  a peak s t r a i n  range 14 percent  lower than the base l ine  
f o r  t h e  same pressure-temperature l o a d i n g  cond i t ions .  
r e g i o n  i n  P.5 was element #131 where t h e  g r e a t e s t  e f f e c t s  occurred d u r i n g  
shutdown. 

b u t  t h e r e  was no v a r i a t i o n  i n  s t r a i n  between P.0 and P.5 dur ing  
s t a r t  t r a n s i e n t .  

The c o n f i g u r a t i o n  w i t h  the  increased modulus 

The c r i t i c a l  

E f f e c t i v e  s t r a i n s  decreased 23 percent  dur ing  P.5 shutdown, 
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6.1 .2  (Continued) 

A comparison of the P.0 
s t ra in  f ie lds  were near 

t h a t  their  effective 
pal difference between 

the two configurations i s  the region of maximum strain a t  shutdown. 

and P.5 isograms shows 
y the same. The princ 

Configuration P.6 wherein the e l a s t i c  modulus was decreased by 20 
percent over the baseline exhibited a 24 percent decrease i n  maximum 
effective s t ra in  range. The c r i t i ca l  element was #131 where greatest 
effects  were observed for  the shutdown transient phase o f  the cycle. 

The P.6 isograms show a general decrease i n  effective strains a t  the 
c r i t i ca l  times. Also the s t ra in  gradient d u r i n g  shutdown i s  n o t  
as severe as for  the baseline. 
modulus is  beneficial t o  fatigue l i f e  and second in order of most 
effective parameters studied. 

I t  appears that  a decrease in e las t ic  

Poisson's Rat io  Effects 

The effects  on maximum effective s t ra in  caused by varying the e las t ic  
value of Poisson's ra t io  are shown in Figure 6.1-42. 
increase (P .7)  of the baseline value, 0.34, caused the maximum effective 
s t ra in  range t o  decrease by 10 percent. 

An 18 Dercent 

A decrease i n  Poisson's ra t io  (P.8) of 26 percent caused the maximum 
effective s t ra in  range to  decrease by 23 percent. 
significant effect  on P.8 occurred during shutdown where element #131 
effective s t ra in  decreased 36 percent over P.O.  

The most 

A comparison of isograms for  P.0, P.7 and P.8 indicates l i t t l e  difference 
in the general s t ra in  f ie lds .  
does not appear to  have a large effect  on computed structural behavior 
of the cylinder. 

Thus the variation i n  Poisson's ra t io  
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6 . 1 . 2  (Continued) 

Yield Strength Effects 

The variation i n  maximum effective s t ra in  w i t h  yield strenqth i s  shown 
in Figure 6.1-43. For the purposes of these analyses, yield was 
defined as the ooints of deviation from l inear i ty  in the stress- 
s t ra in  curves in Section 3.1. 

In configuration P.9 the temoerature deuendent baseline yield strenqth 
was increased 25 percent. This change resulted in a 1 7  percent drop 
in maximum effective s t ra in  range with the greatest effect  occurrina 
during shutdown. 
region, element #131, was 30 percent for the shutdown phase. A com- 
parison o f  isograms shows t h a t  effective s t ra ins  are essentially u n -  
changed for the s t a r t  transient,  b u t  there i s  a significant decrease 
in effective s t ra in  during shutdown. 
strength reduced plast ic  flow during the operating cycle. 

The decrease in effective s t ra in  within the cr i t ical  

Thus an increase in yield 

Configuration P.10 was analyzed for the case with a 25 percent 
decrease in yield strength. P.10 results were essentially the same 
as c r i t i ca l  s t ra ins  and  s t ra in  f ie lds  observed in the baseline. 
Examination of the isograms shows t h a t  s t a r t  transient strains were 
somewhat lower than  the baseline and s t ra ins  during shutdown were 
s l ight ly  greater within the inner wall region. The effective strain 
range appears t o  be approximately the same for P . O  and P.10. I t  i s  
noted t h a t  t h i s  behavior was n o t  expected; more extensive damage 
and plast ic  flow was anticipated for  the P.10 confiquration. A 
possible cause of th i s  resul t  i s  t h a t  although the yield Point was 
reduced 25 percent, the shapes of the temperature dependent stress- 
s t ra in  curves for P.10 were essentially the same as for the baseline 
case. Thus s t i f fness  of the P.10 and P.0 models was approximately 
the same. A better choice of material nroDerties for the P.10 

parameter would have been the properties of fully-annealed Amzirc. 
Then the effect  of decreasing yield strength would have been clearly 
demonstrated. 
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1 oo 

1 0-1 
1 o2 

CYCLES TO FRACTURE 

DATA ASSUMED T O  APPLY TO:  
1 .  
2 .  A1 1 environments . 
3. Ef fec t ive  o r  un iax ia l  s t r a i n  ranges.  

Temperature range o f  290 t o  8 1 0 ° K .  

F I G U R E  6.1-4 T Y P I C A L  LOW CYCLE F A T I G U E  L I F E  O F  AMZIRC 

6-1 4 



FIGURE 6.1-5 REGION OF MAXIMUM EFFECTIVE STRAIN 
RANGE I N  CONFIGURATION P.0 
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ELEMENT NUMBER 

FIGURE 6.1-6 VARIATION I N  EFFECTIVE STRAIN RANGE 
I N  REGION OF MAXIMUM STRAIN I N  
CONFIGURATION P . 0 
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TABLE 6.1-1 SUMMARY OF PARAMETRIC EFFECTS OFI 
MAXIMUM EFFECTIVE STRAIN RANGE 

CONFIGURATION 

P. 1 

P.2 

P.3 

P . 4  

P.5 

P .6  

P.7 

P . 8  

P.9 

P.10 

PERCENT CHANGE 
I N  PARAMETER 

+22 

-52 

+20 

- 20 

+20 

- 20 

+ l 9  

- 26 

+25 

-25 

PERCENT CHANGE I N  f4AXIMCE 
EFFECTIVE STRAIN RANGE 

- 26 

- 8  

-1 4 

-51 

- 1  4 

- 24 

-1 0 

-23 

-1 7 

- 2  
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F I G U R E  6.1-39 V A R I A T I O N  OF MAXIMUM E F F E C T I V E  S T R A I N  WITH THERMAL CONDUCTIVITY 
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PERCENT OF BASELINE THERMAL EXPANSION 

CIC'!9F 6.1-W VARIATION OF MAXIMUM EFFECTIVE STRAIN WITH COEFFICIENT OF 
THERMAL EXPANS ION 

PERCENT OF BASELINE MODULUS OF ELASTICITY 

FIRIRE 6.1-41 VARIATION OF MAXIMUM EFFECTIVE STRAIN WITH HODIILUS OF ELASTICITY 
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FIGURE 6.1-42 VARIATION OF MAXIMUM EFFECTIVE STRAIN WITH POISSON'S RATIO 

0 20 40 60 80 100 120 

PERCENT OF BASELINE YIELD STRENGTH 
140 

FIGURE 6.1-43 VARIATION OF MAXIMUM EFFECTIVE STRAIN WITH YIELD STRENGTH 
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7 .0  CONCLUDING REMARKS 

The parametric study revealed one consistent effect  from a l l  paraKeters: 
any change assigned t o  a material variable resulted in a reduction i n  
the computed value of maximum effective s t ra in  range with resDect t o  
the baseline configuration. 
b u t  th is  does n o t  mean t h a t  any change in the Properties of Amzirc 
i s  beneficial t o  fatigue l i f e .  
i n  the form of effective s t ra in  range was essentially the same i n  

P.10  as in P.O, Figure 6.1-4 indicated t h a t  tolerance for damaae i n  P.lC 
is  less t h a n  in P.0. This figure shows t h a t  i f  the material c o n d i t i o n  
i s  changed from half-hard t o  fully annealed the number o f  cycles t o  f r a c t  
decreases for  s t ra in  ranges greater than  1.8 percent. 

The reductions ranaed from 2 t o  51 nercent,  

For example, althouqh the cyclic dai.ar;c. 

I t  was concluded 
t h a t  configurations with yield strengths lower t h a n  the half-hard 
baseline case would consistently f a i l  under fewer cycles than  the base 

I t  remains for future analysis and t es t s  t o  reveal the effect o f  a l l  

parameters on structural behavior and low-cycle fatigue l i f e .  Obvious 
the parameter easiest  t o  investigate i s  yield strength. 
in yield strength of Amzirc are obtained by changing the amount o f  c o l d  
work. Reference 1 s ta tes  t h a t  the material i s  readily cold worked 
in the solution-annealed condition, and the strength of the material 
increases with the amount of cold working without sacrificing ducti l i ty 
or thermal conductivity. Material conditions between ful ly-annealed 
a n d  full-hard should be assessed t o  provide material Properties 
,.ihich characterize Amzirc for thrust  chamber operating conditions. 
Then the optimum hardness could be selected for a thrust chamber 
design. 

Variations 

: n e .  

Y 
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NODE I.D. NUMBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

TABLE B-I NODE IDENTIFICATION NUMBERS AND 
COORDINATES OF THE OUTER CYLINDER 
FINITE- ELEMENT MODEL 

COORDINATES 
RADIAL ( i nch )  CIRCUMFERENTIAL (degree) 

1.300 
1.300 
1.300 
1.300 
1.300 
1.300 
1.300 
1.300 
1.300 
1.300 
1.300 
1.305 
1.305 
1.305 
1.305 
1.305 
1.305 
1.305 
1.305 
1.305 
1.305 
1.305 
1.310 
1.310 
1.310 
1.310 
1.310 
1.310 
1.310 
1.310 
1.310 
1.310 
1.310 
1.315 
1.315 
1.315 
1.315 
1.315 
1.315 
1.315 
1.315 
1.315 

0.00 
0.25 
0.50 
0.75 
1 .oo 
1.25 
1.50 
1.75 
2.00 
2.25 
2.50 
0.00 
0.25 
0.50 
0.75 
1 .oo 
1.25 
1.50 
1.75 
2.00 
2.25 
2.50 
0.00 
0.25 
0.50 
0.75 
1 - 0 0  
1.25 
1.50 
1.75 
2.00 
2.25 
2.50 
0.00 
0.25 
0.50 
0.75 
1 .oo 
1.25 
1.50 
1.75 
2.00 
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NODE I.D. NUMBER 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

TABLE B-1 (CONTINUED) 

RADIAL ( inch)  

1.315 
1.315 
1.320 
1.320 
1.320 
1.320 
1.320 
1.320 
1.320 
1.320 
1.320 
1.320 
1.320 
1.325 
1.325 
1.325 
1.325 
1.325 
1.325 
1.325 
1.325 
1.325 
1.325 
1.325 
1.330 
1.330 
1.330 
1.330 
1.330 
1.330 
1.330 
1.330 
1.330 
1.330 
1.330 
1.335 
1.335 

COORDINATES 
CIRCUMFERENTIAL 

2.25 
2.50 
0.00 
0.25 
0.50 
0.75 
1 .oo 
1.25 
1.50 
1.75 
2.00 
2.25 
2.50 
0.00 
0 .25  
0.50 
0.75 
1 .oo 
1.25 
1.50 
1.75 
2.00 
2.25 
2.50 
0.00 
0.25 
0.50 
0.75 
1 .oo 
1.25 
1.50 
1.75 
2.00 
2.25 
2.50 
0.00 
0.25 
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NODE I.D. NUMBER 

80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 

TABLE B- I (CONTINUED) 

RADIAL ( i nch )  

1.3351 
1.3351 
1.3352 
1.3354 
1.3354 
1.3354 
1.3354 
1.3354 
1.3387 
1.3419 
1.3419 
1.3419 
1.3419 
1.3419 
1.3485 
1.3485 
1.3485 
1.3485 
1.3485 
1.3517 
1.3517 
1.3550 
1.3550 
1.3550 
1.3600 
1.3600 
1.3650 
1.3650 
1.3650 
1.3700 
1.3700 
1.3750 
1.3750 
1.3750 
1.3800 
1.3800 
1.3850 
1.3850 

COORDINATES 
CIRCUMFERENTIAL (degree) 

0.500 
0.750 
1 .ooo 
1.416 
1.750 
2.000 
2.250 
2.500 
1.582 
1.410 
1.750 
2.000 
2.250 
2.500 
1.405 
1.750 
2.000 
2.250 
2.500 
1.750 
2.250 
1.395 
2.000 
2.500 
1.750 
2.250 
1.385 
2.000 
2.500 
1.750 
2.250 
1.375 
2.000 
2.500 
1.750 
2.250 
0.000 
0.500 
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NODE I.D. NUMBER 

118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 

COORDINATES 
RADIAL ( inch) CIRCUMFERENTIAL (deqrec 

1.3850 
1.3850 
1.3850 
1.3850 
1.3900 
1.3900 
1 .3900 
1.3900 
1.3900 
1.3950 
1.3950 
1.3950 
1.3950 
1.3950 
1.3950 
1.4150 
1.4150 
1.4150 
1.41 50 
1.41 50 
1.4150 
1.4350 
1.4350 
1.4350 
1.4550 
1.4550 
1.4550 
1.4550 
1.4550 
1.4550 
1.4750 
1.4750 
1.4750 
1.4950 
1.4950 
1.4950 

1 .ooo 
1.365 
2.000 
2.500 
6.250 
0.750 
1.250 
1.750 
2.250 
0.000 
0.500 
1 .ooo 
1.500 
2.000 
2.500 
0.000 
0.500 
1 .ooo 
1.500 
2.000 
2.500 
0.000 
1 .000 
2.000 
0.000 
0.500 
1 .ooo 
1.500 
2.000 
2.500 
0.000 
1 .ooo 
2.000 
0.000 
0.500 
1 .ooo 
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NODE I . D .  NUMBER 

154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 

T A B L E  6-1 (CONTINUED) 

R A D I A L  ( i nch )  

1.4950 
1.4950 
1.4950 
1.5150 
1.5150 
1.5150 
1.5350 
1.5350 
1.5350 
1.5350 
1.5350 
1.5350 
1.5600 
1.5600 
1.5600 
1.5800 
1.5800 
1.5800 
1.5800 
1.5800 
1.5800 

COORDINATES 

CIRCUMFERENTIAL  (degree) 

1.500 
2.000 
2.500 
0.000 
1 .ooo 
2.000 
0.000 
0.500 
1 .ooo 
1.500 
2.000 
2.500 
0.000 
1 .ooo 
2.000 
0.000 
0.500 
1 .ooo 
1.500 
2.000 
2.500 
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TABLE B - I 1  

ELEMENT I . D .  NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13  
14 
15 
16 
17 
18  
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

F I N I T E  ELEMENT AND CORRESPONDING NODE 
I D E N T I F I C A T I O N  NUMBERS OF THE OUTER 
CYLINDER FINITE-ELEMENT MODEL 

NODE 1 NODE 2 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
13  
14 
15 
16 
17 
18 
19 
20 
21 
22 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
23 
24 
25 

12 
13  
14 
15 
16 
17 
18  
19 
20 
21 

2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
1 3  
14 
15 
16 
17 
18  
19 
20 
21 
22 
34 
35 
36 

NODE 3 

2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
1 7  
18 
1 9  
20 
21 
1 3  
14 
15 
16 
1 7  
18  
19  
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
24 
25 
26 
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ELEMENT I . D .  NO. 

44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 

NODE 1 

26 
27 
28 
29 
30 
31 
32 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
45 
46 
47 
48 
49 

NODE 2 

37 
38 
39 
40 
41 
42 
43 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
56 
57 
58 
59 
60 

NODE 3 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
46 
47 
48 
49 
50 
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TABLE B-I1 (CONTINUED) 

ELEMENT I.D. NO. 

86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 

MODE 1 

50 
51 
52 
53 
54 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
67 
68 
69 
70 
71 
73 
84 
74 

NODE 2 

61 
62 
63 
64 
65 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
78 
79 
80 
81 
82 
72 
74 
84 

I'IODE 3 

51 
52 
53 
54 
55 
50 
57 
58 
59 
€0 
61 
62 
63 
64 
65 
57 
58 
59 
60 
61 
62 
63 
€4 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
68 
69 
70 
71 
72 
83  
73 
75 
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ELEMENT I.D. NO. 

129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 

NODE 1 

75 
76 
79 
80 
81 
82 
82 
83 
85 
86 
87 
84 
84 
92 
86 
83 
89 
90 
91 
85 
93 
89 
96 
91 
98 
95 
90 
97 
92 
99 
95 

100 
97 
94 

101 
102 

96 
102 
103 
102 
103 
101 
106 
107 
102 
107 

NODE 2 

85 
86 
68 
69 
70 
71 
83 
84 
75 
76 
77 
83 
90 
86 
92 
89 
90 
84 
85 
91 
87 
94 
91 
96 
93 
90 
95 
92 
97 
95 
99 
97 

100 
101 
102 

96 
102 
103 

98 
101 
102 
106 
107 
102 
107 
108 

NODE 3 

76 
77 
78 
79 
80 
81 
72 
73 
84 
85 
86 
88 
85 
85 
87 
88 
88 
88 
90 
92 
92 
90 
90 
92 
92 
94 
96 
96 
98 
94 
96 
96 
98 
99 
99 
99 

100 
100 
100 
104 
105 
104 
104 
104 
105 
105 
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TABLE B-11 (CONTINUED) 

ELEMENT I . D .  NO. 

175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
21 0 
21 1 
21 2 
21 3 
21 4 
21 5 
21 6 
21 7 
21 8 
21 9 

NODE 1 

108 
107 
108 
106 
111 
112 
107 
112 
113 
112 
113 
111 
119 
120 
112 
120 
121 
117 
118 
119 
120 
121 
116 
127 
128 
117 
128 
129 
118 
129 
130 
119 
130 
131 
120 
131 
132 
134 
128 
136 
130 
138 
127 
135 
129 

NODE 2 

103 
106 
107 
111 
112 
107 
112 
113 
108 
111 
112 
119 
120 
112 
120 
121 
113 
116 
117 
118 
119 
120 
127 
128 
117 
128 
129 
118 
129 
130 
119 
130 
131 
120 
131 
132 
121 
128 
134 
130 
136 
132 
133 
129 
135 

NODE 3 

105 
109 
110 
1 os 
109 
109 
110 
110 
110 
114 
115 
114 
114 
114 
115 
115 
115 
122 
123 
124 
125 
126 
122  
122 
122 
123 
123 
123 
124 
124 
124 
125 
125 
125 
126 
126 
126 
127 
129 
129 
131 
131 
134 
134 
136 
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TABLE B- 11 (CONTINUED) 

ELEMENT I . D .  NO. 

220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
2 34 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 

NODE 1 

137 
131 
133 
140 
135 
141 
137 
143 
134 
145 
136 
147 
139 
144 
140 
146 
141 
142 
149 
144 
150 
146 
152 
143 
154 
145 
156 
148 
153 
149 
155 
150 
151 
158 
153 
159 
155 
161 
152 
163 

NODE 2 

131 
137 
139 
135 
140 
137 
141 
134 
143 
136 
145 
138 
142 
140 
144 
141 
146 
148 
144 
149 
146 
150 
143 
152 
145 
154 
147 
151 
149 
153 
150 
155 
157 
153 
158 
155 
159 
152 
161 
154 

NODE 3 

136 
138 
134 
134 
136 
136 
138 
139 
140 
140 
141 
141 
143 
143 
145 
145 
147 
143 
143 
145 
145 
147 
148 
149 
149 
150 
150 
152 
152 
154 
154 
156 
152 
152 
154 
154 
156 
157 
158 
158 
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ELEMENT I . D .  NO. 

260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 

TABLE B-11 (CONTINUED) 

NODE 1 

154 
165 
157 
162 
158 
164 
159 
160 
167 
162 
168 
164 
170 
161 
172 
163 
174 
166 
171 
167 
173 
168 

NODE 2 

163 
156 
160 
158 
162 
159 
164 
166 
162 
167 
164 
168 
161 
170 
163 
172 
165 
169 
167 
171 
168 
173 

I ' i O D i  3 

159 
159 
16: 
161 
163 
163 
165 
161 
161 
163 
163 
165 
166 
167 
167 
168 
168 
170 
170 
172 
172  
174 
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TABLE C-I 
CONFIGURATION P .O RESULTS 

ELEMENT 

1 
4 

10 
131 

1 
4 

10 
131 

1 
4 

10 
131 

1 
4 

10 
131 

1 
4 

10 
131 

1 
4 

10 
131 

1 
4 

10 
131 

1 
4 

10 
131 

1 
4 

10 
131 

T I M E  
b e 4  

.03 

.05 

.10 

.20 

.30 

1.65 

1.665 

1.68 

1.685 

r E 

-. 068 -. 067 - .068 - .079 

-.11 
-.11 
-.12 
-.14 

-.14 
-.14 
-.15 
-.17 

-.15 
-.15 
-.16 
-.17 

-.16 
-.16 -. 16 
-.17 

-.17 
-.16 
-.16 
-.17 

-.13 
-.13 
-.13 
-.14 

- .045 - .045 - .009 - .081 

,030 
.028 
.053 -. 029 

CUMULATIVE STRAINS (%) 
8 

.040 

.038 

.047 

.051 

.064 

.062 

.OB3 

.088 

.057 

.055 

.076 

.079 

.008 
,005 
.018 
.021 

- .040 
- .043 -. 037 
- .034 

-. 15 
-.15 
-.16 
-.16 

-.16 
-.17 
-.18 
-.17 

-.22 
-.23 
-.29 - .20 

-.27 
-.27 
-.32 
-.24 

E 

e-2 

2 
E 

.092 

.092 

.088 

.098 

.15 

.15 

.15 

.16 

.21 

.20 

.20 

.21 

.26 

.26 

.26 

.27 

.30 

.30 

.30 

.31 

.40 

.40 

.40 

.40 

35 
.35 
.35 
.36 

.24 

.24 

.25 

.28 

.18 

.18 

.19 

.28 

‘ e f f  

.095 

.093 

.094 

.ll 

.16 

.16 

.16 

.18 

.20 

.20 

.20 

.22 

.24 

.24 

.24 

.25 

.28 

.28 

.28 

.28 

.37 

.37 

.37 

.38 

.33 

.34 

.34 

.34 

.27 

.27 

.31 

.2  

.26 

.27 

.30 

.29 

TEMP. 
( O R )  

41 9 
421 
424 
41 2 

346 
348 
354 
333 

282 
284 
290 
272 

21 2 
21 4 
21 8 
206 

165 
165 
168 
160 

50 
50 
50 
50 

107 
106 
104 

97 

244 
241 
235 
196 

31 5 
31 2 
303 
249 



CONFIGURATION P. 0 RESULTS (Cont ' d) 

ELEMENT 

1 
4 

10 
131 

1 
4 
10 

131 

1 
4 

10 
131 

1 
4 

10 
131 

1 
4 

l i j  
131 

1 
4 

:'3 
131 

1 
4 

; a  
7 - 1  
.3L 

1 
3 
10 

131 

1 
4 

10 
131 

T I M E  
(=) 

1.69 

1.695 

1.70 

1.706 

1.712 

1.725 

1.738 

1.744 

1.75 

e 

-.31 
-.31 
-.40 
-.31 

-.36 
-.37 
-.51 
-.43 

- .42 
-.43 
-.62 -. 52 

-.49 
-.51 
-.75 
-.64 

-.55 
-.57 - .85 
-.75 

-.64 
-.66 
-.95 
-.86 

-.70 
-.72 

-1.01 
-.89 

-.72 
-.74 

-1.02 
-.89 

-.74 
-.76 

-1.04 
-.89 

E 

c-3  

Z E 

.12 

.12 

.13 

.18 

.032 

.036 

.050 

.12 

- .057 
- .052 - .032 

.057 

-.16 
-.16 
-.13 - .030 

-.25 
-.24 
-.21 
-.11 

-.37 
-.36 
-.33 
-.22 

-.46 
-.45 
-.42 
-.31 

- .49 
-.48 
-.45 
-.34 

-.52 
-.51 
-.48 
-.36 

CUMULATIVE STRAINS (%) 
r 

.12 

.12 

.19 

.065 

.25 

.25 

.37 

.23 

.40 

.40 

.54 

.39 

.58 

.58 

.76 

.59 

.72 

.73 
* 94 
.77 

.92 

.94 
1 .ll 

.98 

1.06 
1.07 
1.22 
1.08 

1.10 
1.11 
1.26 
1.10 

1.14 
1.14 
1.30 
1.13 

E ' e f f  

.28 

.29 
37 

.30 

.36 

.36 

.51 

.41 

.48 

.48 

.67 

.54 

.63 

.64 

.88 

.71 

.77 

.78 
1.05 

.88 

.96 

.98 
1.22 
1.08 

1.10 
1.11 
1.33 
1.17 

1.15 
1.16 
1.37 
1.19 

1.18 
1.19 
1.41 
1.21 

TE?F . 
y R )  

392 
3ee 
376 
3!)7 

2 - 2  ' 

457 
470 
383 

530 
584 
563 
46 1 

701 
693 
658 
56 1 

732 
793 

645 

91 7 
906 
876 
764 

1069 
398 
96 7 
85 2 

1039 
1028 
995 
880 

1 k6.1 
1 <I; 4 
1 G ? i  

Gg= 

>... 

7 -  z i J 2  

.,& 



CONFIGURATION P.0 RESULTS ( C o n t ' d )  

E L  EM ENT 

1 
4 

10 
131 

1 
4 

10 
131 

1 
4 

10 
131 

1 
4 

10 
131 

1 
4 

10 
131 

1 
4 

10 
131 

1 
4 

10 
131 

1 
4 

10 
131 

1 
4 

10 
131 

T I M E  
(set) 

1.775 

1.80 

1.85 

1.95 

2.50 

3.20 

3.21 

3.22 

3.23 

r 

1.21 
1.22 
1.37 
1.17 

1.28 
1.28 
1.44 
1.22 

1.32 
1.32 
1.49 
1.25 

1.34 
1.34 
1.51 
1.25 

1.30 
1.30 
1.44 
1.14 

1.29 
1.29 
1.43 
1.03 

1.26 
1.25 
1.39 

.89 

1.22 
1.19 
1.36 

.71 

1.17 
1.12 
1.35 

.51 

E 
CUMULATIVE STRAINS (%) 

e 

-.75 
-.78 

-1.05 
-.89 

-.77 
-.79 

-1.06 
-.88 

-.75 
-.77 

-1.04 
-.85 

-.69 
-.71 
-.96 
-.76 

-.50 
-.51 
-.70 
-.46 

-.45 
-.46 
-.65 
-.27 

- .43 
-.43 
-.62 
-.16 

-.41 
-.39 
-.62 

E 

.004 

-.39 
-.36 
-.63 

.19 

c-4 

Z 
E 

-.59 
-.58 
-.54 
-.41 

-.66 
-.64 
-.61 
-.47 

-.71 
-.70 
-.67 
-.53 

-.78 
-.77 
-.74 
-.60 

-.91 
-.go 
-.87 
-.72 

-.94 
-.93 
-.go -. 75 

-.89 
-.88 
-.86 
-.71 

-.85 
-.84 
-.82 
-.68 

-.81 
-.80 
-.78 
-.64 

' e f f  

1.26 
1.27 
1.47 
1.25 

1.33 
1.34 
1.54 
1.29 

1.37 
1.38 
1.58 
1.31 

1.38 
1.39 
1.58 
1.29 

1.36 
1.35 
1.49 
1.16 

1.35 
1.35 
1.48 
1.06 

1.31 
1.30 
1.42 

.94 

1.26 
1.24 
1.39 

.80 

1.20 
1.16 
1.37 

.69 

TEMP. 
(OR) 

1125 
1114 
1083 
963 

1184 
1174 
1143 
1021 

1239 
1229 
1199 
1074 

1299 
1290 
1263 
1133 

141 3 
1406 
1383 
1244 

1438 
1430 
1408 
1267 

1400 
1392 
1372 
1235 

1361 
1355 
1336 
1203 

1323 
1317 
1300 
1171 



ELEMENT 

1 
4 

10 
131 

1 
4 

10 
131 

1 
4 

10 
131 

1 
4 

10 
131 

1 
4 

113 
131 

1 
4 

10 
131 

1 
4 

i c )  
131 

1 
4 

10 
131 

1 
4 

10 
131 

CONFIGURATION P.0 RESULTS (Cont’d) 

TIME 
(see) 

3.24 

3.26 

3.28 

3.30 

3.325 

3.35 

3.375 

3.40 

3.425 

r 

1.09 
1.04 
1.31 

* 34 

.92 

.84 
1.14 

E 

-. 034 

.71 

.61 

.94 
-.40 

.51 

.39 

.74 
-.66 

.31 

.17 

.56 
-1.01 

.12 - .046 

.37 
-1.28 

-. 027 
-.21 

.23 
-1.51 

-.16 
-.35 

.10 
-1.69 

-.24 
-.43 

-1.81 
022 

CUMULATIVE STRAINS (%) 
9 E 

-.35 
-.31 
-.63 

.33 

-.28 
-.22 
-.55 

.63 

-.20 
-.12 - .46 

.90 

-.11 
-.013 
-.37 
1.08 

- .038 

-.30 
.079 

1.32 

.034 

.17 

1.50 
-.23 

.079 

.23 
-.19 
1.64 

.12 

.28 
-.15 
1.75 

.13 

.30 
-.14 
1.82 

c-5 

Z E 

-.76 
-.76 
-.74 
-.60 

-.66 
-.65 
-.64 
-.51 

-.53 
-.52 
-.51 
-.40 

-.40 
-.40 
-.40 
-.30 

-.27 -. 27 
-.27 
-,19 

-.14 
-.14 
-.14 -. 075 

- .037 -. 039 
- .043 

.015 

.059 

.057 

.052 

.094 

.13 

.13 

.12 

.16 

‘ e f f  

1.13 
1.08 
1.33 

.63 

* 95 
.81 

1.16 
.66 

.74 
66 

.95 

.87 

.54 

.46 

.75 
1.06 

34 
.27 
.56 

1.36 

.15 

.19 

.38 
1.61 

.074 

.25 

.24 
1.82 

-16 
.38 
.16 

1.99 

.24 

.44 

.15 
2.10 

1068 
1 C 6 5  
1058 

950 

951 
950 
946 
846 

679 
680 
682 
608 



CONFIGURATION P.0 RESULTS (Cont'd) 

EL EM ENT CUMULATIVE STRAINS (%) 
2 ' e f f  E 9 

E r E 

TEMP. 
( O R )  

1 
4 

10 
131 

3.45 -.30 
-.50 - .042 

-1.91 

.13 
-31 

-.14 
1.85 

.19 

.19 

.18 

.21 

.31 

.51 

.19 
2.18 

298 
301 
309 
276 

1 
4 

10 
131 

3.50 -.37 
-.58 
- . lo 

-1.97 

. l l  

.29 
-.17 
1.84 

.28 

.28 

.27 

.29 

.39 

.57 
27 

2.21 

196 
199 

-206 
186 

1 
4 

10 
131 

3.70 -.34 
-.55 - .058 

-1.91 

- .073 
.12 

-.39 
1.64 

104 
104 
106 
101 

.36 

.36 

.35 
36 

.40 

.54 

.43 
2.08 

1 
4 

10 
131 

3.90 -.31 
-.52 - . O O l  

-1.89 

- . 1 7  

-.53 
1.55 

.023 
.40 
.40 
.40 
.40 

.43 

.54 

.54 
2.02 

50 
50 
50 
50 

C-6 



CONFIGURATION P.1 RESULTS 

i L 34 E NT 

1 
10 

131 

1 
70 

131 

1 
10 
i 31 

1 
10 

131 

1 
10 

131 

1 
10 
- 3  

1 
10 

131 

1 
:0 

i 31 

1 
:o  

131 

1 
10 

131 

TIME 
b c >  

.03 

.05 

.10 

.20 

.30 

1.65 

1.665 

1.68 

1.685 

1.69 

r E 

-. 068 -. 068 -. 079 
-.11 
-.12 -. 14 
-.14 
- .15 
-.17 

-.16 
-.16 
-.17 

-,16 -. 16 
-.17 

-.17 
-.16 -. 16 
-.13 
-.12 -. 14 
-. 043 -. 033 
- .078 
022 
.047 -. 026 
.ll 
.17 
.067 

CUMULATIVE STRAIN ( X )  
0 E 

.040 

.047 

.051 

.064 

.083 

.088 

.057 
,076 
,079 

.008 

.018 
,021 

- .040 - ,037 
- .034 
-.15 
-.16 
-.16 

-.17 
-.19 
-.17 

- . 2 3  
-.26 
-.21 

-.27 
-.32 
-.25 

-.30 
-.39 
-.32 

z E 

.092 

.088 
,098 

.15 

.15 

.16 

.21 

.20 

.21 

.26 

.26 
* 27 

; 30 
.30 
.31 

.40 

.40 

.40 

.35 

.35 

.36 

.25 

.25 

.28 

.19 

.20 

.24 

.13 

.15 

.19 

' e f f  

,095 
.094 
.11 

.16 . '16 

.18 

.20 

.20 
,22 

.24 

.24 

.25 

.28 

.28 

.28 

.37 

.37 

.38 

.33 

.34 
34 

.28 

.30 

.29 

.27 

.31 

.28 

.29 

.38 

.30 

TEMP. 
( O R )  

41 9 
423 
41 2 

345 
354 
333 

282 
290 
272 

21 2 
21 8 
206 

165 
168 
160 

50 
50 
53 

110 
108 

98 

235 
228 
154 

301 
291 
247 

368 
355 
36C 

c-7 



EL EM ENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

TIME 
( s e 4  

1.695 

1.70 

1.706 

1.712 

1.725 

1.738 

1.744 

1.75 

1.775 

1.80 

CONFIGURATION P . l  RESULTS (Cont 'd)  

r 

.23 
32 

.20 

.37 

.48 

.36 

.52 

.68 

.54 

.66 

.84 

.71 

.83 
1.01 

.92 

.94 
1.09 
1.01 

.97 
1.12 
1.03 

.99 
1.14 
1.05 

1.06 
1.20 
1 . lo  

1.10 
1.24 
1.12 

E 
CUMULATIVE STRAIN (%)  

e 

-.35 
-*49 - .41 

-.40 
-.59 
-.51 

-.46 
-.70 
-.61 

-.52 
- .80 
-.71 

-.58 
-.88 - .82 

-.63 
-.91 
-.85 

-.64 
-.92 
-.85 

-.65 - .92 
-.86 

-.66 
-.93 
- .85 

-.65 
-.92 
-.83 

E 
2 

E 

.059 

.074 

.13 

- .020 
.002 
.070 

-.11 -. 087 - .007 

-.20 
-.16 
- .085 

-.31 
-.27 
-.19 

-.38 
-.34 
-.26 

-.40 
-.37 
-.29 

-.43 -. 39 
-.31 

-.50 
-.46 
-.37 

-.54 
-.50 
-.41 

ef f 

.35 

.48 

.39 

44 
.62 
.51 

.58 

.80 

.66 

.70 

.96 

.82 

.87 
1.12 
1.02 

.97 
1.19 
1 . l o  

1 .oo 
1.22 
1.11 

1.03 
1.24 
1.13 

1.10 
1.29 
1.17 

1.13 
1.32 
1.18 

E 
TEMP. 
(OR) 

460 
44 1 
373 

551 
527 
446 

650 
621 
538 

7 36 
703 
61 9 

852 
81 6 
732 

928 
891 
80 5 

954 
91 7 
830 

977 
9 40 
853 

1041 
1004 
91 6 

1083 
1047 
956 

C-8 



CONFIGURATION P. l  RESULTS (Cont'd) 

EL EM ENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

1 Zl 

1 
10 

131 

7 
10 

131 

1 
70 

131 

1 
10 

131 

TIME 
bet> 

1.85 

1.95 

2.225 

2.50 

2.85 

3.20 

3.205 

3.21 

3.215 

3.22 

r E 

1.13 
1.27 
1.14 

1.15 
1.28 
1.14 

1.14 
1.24 
1.09 

1.14 
1.21 
1.06 

1.14 
1.20 
1.04 

1.13 
1.20 
1.03 

1.13 
1.19 
1.03 

1.12 
1.18 
1.02 

1 . l l  
1.16 
1.00 

1.10 
1.14 

.98 

CUMULATIVE STRAIN (%) 
e E 

-.62 
-.88 
-.78 

-.55 
-.79 
-.68 

-.42 
-.60 
-.49 

-.36 
-.52 
-.40 

-.34 
-.48 
-.36 

- .33 
-.47 
-.34 

-.33 
-.46 
-.34 

- . 3 2  
-.45 
-.33 

-.31 
-.43 - .32 

-.30 
-.41 
-.30 

2 
E 

- .60 
-.46 - .46 

-.68 
-.64 
-.54 

-.78 
-.75 
-.64 

-.83 
-.80 
- .68 

-.85 
-.82 
-.70 

-.85 
-.82 
-.71 

- .84 
- .82 
-.70 

-.84 - .81 
-.70 

-.82 
-.80 
-.68 

- .80 
-.78 - .67 

' e f f  

1.16 
1.35 
1.19 

1 .I8 
1.33 
1.17 

1.18 
1.28 
1 . l l  

1.18 
1.26 
1.08 

1.19 
1.25 
1.07 

1.19 
1.24 
1.06 

1.18 
1.24 
1.05 

1.17 
1.22 
1.04 

1.16 
1.20 
1.03 

1.14 
1.18 
1 .oo 

TEMP, 
( O R )  

1137 
1103 
1010 

1174 
1077 

1205 
1274 
1171 

1340 
1314 
1209 

1357 
1333 
1227 

1363 
1339 
l Lai 

1357 
1333 
1228 

1349 
1326 
1 2 2 2  

1335 
1312 
1210 

1320 
1298 
1198 

1 ' 9  

e -9 



CONFIGURATION P.l RESULTS (Cont 'd)  

EL EM ENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

T I M E  
(set) 

3.225 

3.23 

3.24 

3.25 

3.26 

3.28 

3.30 

3.325 

3.35 

3.375 

r 

1.08 
1.10 

94 

1.06 
1.05 

.86 

1.01 
.98 
.64 

.93 

.89 

.43 

.84 

.79 

.24 

.66 

.58 

E 

-. 055 

.50 

.40 
-.27 

32 
.20 

-.54 

.17 

.025 
-.77 

.041 
-.13 -. 95 

CUMULATIVE STRAIN (%) 
0 

-.30 
-.38 
-.25 

-.29 
-.35 
-.19 

-.28 
-.32 

E 

.005 

-.24 
-.28 

.18 

- .21 
-.22 

.32 

-.14 
-.11 

.52 

- .087 
-.02 

.66 

-. 033 
.071 
.82 

.008 

.14 

.96 

.040 

.20 
1.07 

2 
E 

-.78 
-,76 
-.65 

-.76 
-.74 
-.63 

-.71 
- .69 - .59 

-.66 
-.64 
-.54 

-.60 
-.58 
-.48 

-.50 - .47 - .39 

-.37 
-.37 

'-.30 

-.25 
-.25 
-.18 

-.14 
-.14 - .083 

-. 034 - ,040 
.008 

' e f f  

1.12 
1.13 

.95 

1.09 
1.09 

.89 

1.04 
1.01 

.71 

.95 

.92 

.58 

.86 

.82 

.51 

.67 

.62 

.53 

.51 

.44 

.62 

.34 

.27 

.81 

.18 

.16 
1 .oo 

.050 

.20 
1.17 

TEMP. 
( O R )  

1300 
1280 
1181 

1280 
1261 
1163 

1234 
1218 
1122 

1185 
1170 
1078 

11 33 
1121 
1031 

1026 
1018 
935 

920 
91 6 
839 

791 
792 
724 

673 
677 
61 6 

566 
57 2 
5 20 rev  

c-10 



CONFIGURATION P . l  RESULTS (Cont'd) 

CUMULATIVE STRAIN (%) 
Z E e E 

ELEMENT TEMP, 
( " P )  r E 

1 
10 

131 

3.40 - .058 
-.24 

-1.08 

.058 .050 

.24 ,043 
1 . 1 2  .080 

.074 

.28 
1.27 

.15 

.34 
1.34 

470 
478 
434 

1 
10  

131 

-.13 
-.31 

-1.17 

.059 .12 
25 . l l  

1.15 .14 

3.425 327 
396 
359 

-.18 
-.36 

-1.22 

1 
10 

131 

3.45 ,048 .18 
.24 .17 

1.15 .20 

* 21 
.38 

1.38 

31 5 
32b 
295 

1 
10 

131 

3.50 - .23 
-.42 

-1.28 

.010 .26 

.20 .26 
1.12 .27 

.29 

.44 
1.40 

21 2 
22 7 
200 

-.21 
-.39 

-1.26 

-.17 .36 
-.013 .36 

.37 

.43 
1.32 

96 
99 
92 

1 
10 

131 

3.70 

.94 .36 

1 
10 
31 

3.90 - .18 
-.34 

-1.23 

-,27 .40 
-.14 .40 

.85 .40 

.42 

.44 
1.26 

50 
50 
50 

c-11 



ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

T I M E  
(set 1 

.03 

.05 

.10 

.20 

.30 

1.65 

1.665 

1.672 

1.68 

1.685 

CONFIGURATION P. 2 RESULTS 

r E 

- .068 - .068 - .079 

-.11 
-.12 
-.14 

-.14 
-.15 
-.17 

-.16 
-.16 
-.17 

-.16 
-.16 
-.17 

-.17 
-.16 
-.16 

- . l o  
- .099 
-.13 

- .063 - .057 
-.11 

,061 
.080 - .049 

20 
.23 
.28 

CUMULATIVE STRAINS (%) 
0 

,040 
.047 
.051 

,064 
.083 
.088 

,057 
.076 
.079 

.007 

.017 
,021 

- .040 -. 037 
- .034 

-.15 
-.16 
-.16 

-.20 
-.21 
-.18 

-.23 
-.25 
-.19 

-.30 
-.34 
- . 2 4  

-.37 
- .43 
-.30 

E z E 

,092 
.088 
.098 

.15 

.15 

.16 

* 21 
.20 
.21 

-26 
.26 
.27 

.30 

.30 

.31 

.40 

.40 

.40 

.33 

.33 

.35 

.28 

.28 

.33 

.18 

.19 

.27 

.11 

.12 

.22 

‘ e f f  
.095 
.094 
.ll 

.16 

.16 

.18 

.20 

.20 

.22 

.24 

.24 

.25 

.28 

.28 

.28 

.37 

.37 

.38 

.32 

.33 

.34 

.30 

.31 

.32 

.29 

.32 

.30 

.36 

.40 

.30 

TEMP. 
-(OR) 

41 9 
424 
41 2 

346 
354 
333 

282 
290 
272 

21 2 
21 8 
206 

165 
168 
160 

50 
50 
50 

136 
134 
104 

192 
189 
138 

31 1 
304 
209 

402 
391 
265 

c-12 



CONFIGURATION P. 2 RESULTS (Cont ' d) 

ELEMENT TIME CUMULATIVE STRAINS (%) 

Z E 0 
E r ( sec 1 E 

TEIlF 
( O R :  " e f f  

1 
10 

131 

1.69 .36 - .44 .025 
.40 - .53 ,038 
.16 -.39 .17 

.46 

.54 

.37 

1 
10 

131 

1.695 .58 
.64 
.34 

-.55 
- .68 
-.51 

- .094 
- .074 

.099 

.66 

.76 

.51 

623 
6C7 
4: '1 

1 
10 

131 

1.70 .81 
.89 
.52 

-.66 
-.82 - .62 

-.21 
-.19 

,027 

.87 
1 .oo 

.66 

754 
726 
4 98 

1 
10 

131 

1.706 1.03 
1.10 

.77 

-.78 
-.96 
-.76 

-.34 
-.31 
- ,082 

1.09 
1.22 

.89 

890 
854 
61 5 

1.712 1.20 
1.27 

.96 

1 
10 

131 

-.87 
-1.08 - .87 

-.46 
- .41 
-.18 

1.27 
1.40 
1.07 

1004 
962 
71 6 

1 
10 

131 

1.718 1.32 
1.40 
1.04 

-.94 
-1.17 

-.go 

- .54 
- .49 
-.24 

1.39 
1.54 
1.15 

1 
10 

131 

1.725 1.49 
1.61 
1.17 

-1.02 
-1.28 

-.96 

-.64 
-.59 - .33 

1.57 
1.74 
1.26 

1175 
1127 
875 

1 
10 

131 

1.738 1.72 
1.89 

-1.14 
-1.43 
-1.02 

- .80 
-.71 
-.44 

1.80 
2.02 
1.40 1.31 

- .81 
-.76 
- .48 

1.88 
2.09 
1.45 

1334 
1283 
1624 

1 
10 

131 

1.744 1.81 
1.97 
1.36 

-1.18 
-1.47 
-1.04 

1.75 1.88 
2.04 
1.42 

1.95 
2.16 
1.51 

1370 
1319 
1053 

1 
10 

131 

-1.21 
-1.50 
-1.07 

- .85 
-.80 - .51 

C-13 



CONFIGURATION P.2 RESULTS (Cont'd) 

ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

TIME 
b e 4  

1.775 

1.80 

1.85 

1.95 

2.225 

2.50 

2.85 

3.20 

3.205 

3.21 

r 

2.06 
2.22 
1.61 

2.15 
2.31 
1.72 

2.23 
2.38 
1.80 

2.25 
2.40 
1.80 

2.22 
2.37 
1.77 

2.20 
2.32 
1.73 

2.17 
2.26 
1.69 

2.15 
2.24 
1.67 

2.15 
2.22 
1.67 

2.14 
2.20 
1.66 

E 

CUMULATIVE STRAIN ( X )  
8 E 

-1.29 
-1.58 
-1.17 

-1.32 
-1.60 
-1.23 

-1.33 
-1.61 
-1.25 

-1.29 
-1.56 
-1.19 

-1.17 
-1.42 
-1.06 

-1.10 
-1.31 

-.96 

-1.05 
-1.23 

-.go 

-1.03 
-1.18 

-.87 

-1.02 
-1.17 - .87 

-1.02 
-1.15 

-.87 

Z E 

-.96 
-.91 
-.62 

-1.03 
-.97 - .68 

-1.09 
-1.04 

-.74 

-1.13 
-1.08 
- .78 

-1.18 
-1.13 

-.82 

-1.20 
-1.15 

-.84 

-1.21 
-1.17 

-.85 

-1.21 
-1.17 - .86 

-1.21 
-1.16 - .85 

-1.20 
-1.15 
- .84 

' e f f  

2.14 
2.34 
1.70 

2.22 
2.43 
1.81 

2.29 
2.49 
1.89 

2.31 
2.50 
1.87 

2.27 
2.43 
1.81 

2.23 
2.37 
1.75 

2.20 
2.31 
1.71 

2.19 
2.28 
1.69 

2.18 
2.26 
1.68 

2.16 
2.24 
1.68 

TEMP. 
( O R )  

1473 
1420 
1154 

1530 
1479 
1209 

1588 
1539 
1263 

1629 
1582 
1302 

1667 
1625 
1339 

1686 
1645 
1357 

1697 
1658 
1368 

1703 
1664 
1373 

1695 
1657 
1369 

1685 
1647 
1363 

C-14 



ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

7 31 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

TIME 
( sec 1 

3.215 

3.22 

3.225 

3.23 

3.25 

3.26 

3.28 

3.30 

3.325 

CONFIGURATION P.2 RESULTS (Cont ’d)  

r 

2.12 
2.17 
1.65 

2.09 
2.12 
1.63 

2.06 
2.05 
1.61 

2.01 
1.98 
1.58 

1.78 
1.68 
1.37 

1.64 
1.52 
1.26 

1.36 
1.18 
1.02 

1.07 
.85 
.77 

.74 

.50 

.50 

E 

CUMULATIVE STRAIN (%) 
e E 

-1 .oo 
-1.12 
- .86 

-.99 
-1.08 

- .a5 

-.97 
-1.03 - .84 

- .95 - .97 - .83 

- .84 - .78 
-.72 

-.78 
-.67 
-.66 

-.64 
-.47 
-.54 

-.51 
-.28 
-.43 

-.35 - .094 
-.28 

z E 

-1.18 
-1.14 
- .83 

-1.15 
-1.12 - .82 

-1.13 
-1.09 
- .80 

-1.10 
-1.07 
-.77 

- .96 
-.94 
- .66 

- .89 - .87 
-.60 

-.73 
-.72 
- .47 

-.57 
-.56 
- .35 

-.38 
-.38 
-.21 

‘ e f f  

2.14 
2.20 
1.66 

2.11 
2.15 
1.64 

2.07 
2.08 
1.62 

2.03 
2.00 
1.59 

1.79 
1.70 
1.38 

1.65 
1.53 
1.27 

1.36 
1.19 
1 .c2 

1.08 
.86 
.79 

.74 

.52 

.50 

TEICP 
(‘Rj 

1667 
1631 
135i 

1647 
1613 
1336  

1623 
1590 
1317 

1598 
1566 
1298 

1473 
1450 
1197 

1 x 7  
1383 
1140 

1258 
1243 
1020 

11;11 
1101 

899 

939 
927 
752 

C-15 



CONFIGURATION P.2 RESULTS (Cont'd) 

ELEMENT CUMULATIVE STRAIN (%) TEMP. 
E 8 E Z ' e f f  ( O R )  

1 
10 

131 

3.335 .63 
.40 
.40 

-.30 - .32 .63 86 9 
- .034 -.32 .42 868 
-.22 -.16 .39 703 

1 
10 

131 

3.35 .45 
.18 
.23 

-.22 -.22 .45 763 
.094 -.22 .24 754 

-.13 - ,084 .23 61 8 

1 
10 

131 

3.375 

3.40 

3.425 

3.45 

3.50 

3.60 

4.00 

5.15 

-.11 
-.31 
-.24 

- ,030 
.24 
.075 

- .079 
- .084 

.027 

,045 
.32 
.20 

61 3 
61 3 
498 

1 
10 

131 

1 
10 

131 

i 

-.20 - .40 
-.30 

.039 

.32 

.ll 

.042 

.035 

.ll 

.16 

.42 

.28 

480 
488 
393 

-.27 
-.47 
-.36 

,084 
.37 
.14 

.14 

.13 

.19 

.26 

.50 

.35 

367 
376 
304 

1 
10 

131 

-.33 
-.52 
-.40 

.12 

.40 

.16 

.22 

.21 

.25 

.33 

.56 

.41 

27 1 
282 
229 

1 -.44 .15 
.49 
.26 

.33 

.32 

.34 

.47 

.74 

.58 

138 
148 
123 

10 
131 

-.70 
-.56 

.37 

.36 

.37 

.47 

.72 

.56 

90 
98 
84 

1 
10 

131 

- .44 
-.69 
-.54 

.098 

.42 

.19 

.44 

.60 

.48 

58 
59 
56 

1 
10 

131 

-.35 
-.59 
-.44 

- ,090 
.20 - .023 

.39 

.39 

.39 

50 
50 
50 

1 -.33 
-.56 - .41 

-.14 
.14 - .090 

.40 

.40 

.40 

* 44 
.58 
.47 

10 
131 

C-16 



EL EM ENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 
i 31 

1 
10 

131 

1 
10 

131 

T I M E  
bet> 

.03 

.05 

.10 

.20 

.30 

1.65 

1.665 

1.68 

1.685 

1.69 

r & 

-. 081 
- .083 - .094 

-. 14 
-.15 
-.18 

-.18 
-.19 
-.21 

-.20 
-.20 
-.22 

-.20 
-.21 
-.22 

-.21 
-.20 
-.21 

-.17 
-.16 
-.18 

-. 039 -. 026 
- ,088 

.07 

.13 

.025 

.20 

.28 

.18 

CONFIGURATION P.3 R E S U L T S  

. CUMULATIVE S T R A I N  (%) 
0 

.048 

.057 

.061 

,076 
.10 
. l l  

.068 

.095 

.10 

.007 

.022 

.027 

E 

-. 051 
- .044 
- 039 

-. 18 
-.20 
-.19 

-.20 
-.22 
-.20 

-.29 
-.32 
-.26 

-.33 
- .42 
-.35 

-.39 
-.51 
-.46 

z & 

. l l  

.10 

.12 

.18 

.18 
20 

.25 

.24 

.26 

.32 

.31 

.32 

.36 

.36 

.37 

.48 

.48 

.48 

.42 

.42 

.43 

.29 

.30 

.33 

* 21 
.23 
.28 

.14 

.15 

.22 

‘ e f f  

. l l  

. l l  

.13 

.19 

.20 

.22 

.25 

.25 

.28 

.30 

.30 

.31 

.34 

.34 

.35 

.45 

.45 

.46 

.41 

.41 

.42 

.33 

.36 

.36 

.33 

.40 

.36 

37 
.49 
.44 

TEMP. 
( O R )  

41 9 
424 
41 2 

346 
354 
333 

282 
230 
272 

21 2 
21 8 
206 

165 
108 
160 

50 
50 
5Q 

107 
104 
97 

244 
235 
196 

31 5 
30 3 
249 

392 
376 
307 

C-17 



CONFIGURATION p.3 RESULTS ( C o n t ' d )  

ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

T I M E  
(set) 

1.695 

1.70 

1.706 

1.712 

1.725 

1.738 

1.744 

1.75 

1.775 

1.80 

r 

.38 

.48 

.36 

.57 

.68 

.55 

.80 
88 

* 77 

.96 
1.04 

.90 

1.16 
1.26 
1.06 

1.31 
1.44 
1.18 

1.38 
1.50 
1.22 

1.42 
1.54 
1.25 

1.52 
1.65 
1.33 

1.62 
1.75 
1.42 

E 

CUMULATIVE STRAIN (%) TEflP.  
e E 

- .46 
-.63 
-.58 

-.55 
-.75 
-.68 

-.66 
-.86 
- .80 

-.74 
-.96 - .87 

-.84 
-1.07 

-.92 

- -92 
-1.15 

-.96 

-.94 
-1.18 - .97 

-.95 
-1.20 

-.98 

-.97 
-1.21 

-.99 

-.99 
-1.23 
-1 .oo 

Z E 

038 
,060 
.15 

-. 069 - .038 
.069 

-.20 
-.16 
- 036 

-.30 
-.26 
- .13 

-.44 
-.40 
-.27 

-.56 
-.50 
-.37 

-.59 
-.54 
-.40 

-.63 
-.57 
-.43 

-.71 
-.65 
-.50 

-.78 
-.73 
-.57 

' e f f  

.49 

.65 

.57 

.65 

.82 

.72 

.86 
1.01 

.90 

1.02 
1.17 
1.03 

1.23 
1.38 
1.17 

1.38 
1.56 
1.28 

1.44 
1.61 
1.31 

1.49 
1.66 
1.34 

1.58 
1.75 
1.42 

1.68 
1.84 
1.49 

( O R )  

492 
470 
383 

590 
563 
46 1 

701 
668 
561 

792 
755 
645 

91 7 
876 
764 

1009 
967 
852 

1039 
996 
880 

1064 
1022 

905 

1125 
1083 

963 

1184 
1143 
1021 

C-18 



CONFIGURATION p .  3 RESULTS (Cont 'd) 

EL EM ENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

TIME 
(set 1 

1.85 

1.95 

2.50 

2.85 

3.20 

3.205 

3.21 

3.215 

3.22 

3.225 

r 

1.67 
1.79 
1.46 

1.69 
1.80 
1.47 

1.63 
1.66 
1.33 

1.62 
1.64 
1.31 

1.61 
1.62 
1.30 

1.59 
1.60 
1.28 

1.57 
1.56 
1.25 

1.55 
1.50 
1.21 

1.53 
1.41 
1.15 

1.50 
1.34 
1.11 

E 
CUMULATIVE STRAIN (%) 

e E 

-.96 
-1.19 

-.96 

-.87 
-1.08 - -86 

-.63 
-.73 
-.53 

-.58 
-.66 
-.47 

- .57 
-.64 
-.45 

-.56 
-.61 
-.43 

-.54 
-.58 
-.41 

-.53 
-.53 
-.38 

-.53 
-.46 
-.34 

-.52 
-.41 
-.31 

2 
E 

- .86 
-.80 
-.64 

-.94 
-.89 
-.72 

-1.09 
-1.05 

-.86 

-1 .ll 
-1.07 - .89 

-1 .I2 
-1.08 

-.go 

-1.10 
-1.06 - .87 

-1.07 
-1.03 

-.85 

-1.04 
-1.01 

-.83 

-1.02 
-.98 
- .81 

-1 .oo 
-.96 
-.79 

€ e f f  

1.72 
1.87 
1.52 

1.73 
1.86 
1.51 

1.68 
1.71 
1.37 

1.67 
1.68 
1.34 

1.67 
1.68 
1.34 

1.64 
1.64 
1.31 

1.61 
1.60 
1.28 

1.59 
1.54 
1.24 

1.56 
1.46 
1.18 

1.53 
1.39 
1.14 

TEMP. 
( O R )  

1239 
1199 
1074 

1299 
1263 
1133 

1413 
1383 
1244 

1432 
1402 
1262 

1438 
1408 
1267 

1419 
1391 
1252 

1400 
1372 
1235 

1382 
1356 
1220 

1361 
1336 
1203 

1344 
1320 
1189 

c-19 



CONFIGURATION P.3 RESULTS ( C o n t ' d )  

ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

T I M E  
(set) 

3.23 

3.24 

3.25 

3.26 

3.28 

3.30 

3.325 

3.35 

3.375 

3.40 

r 

1.46 
1.26 
1.06 

1.38 
1.15 

.94 

1.30 
1.05 

.84 

1.17 
.86 
.66 

.92 

.55 

.35 

.68 

.25 

.063 

.44 - .025 
-.24 

.20 -. 30 
-.55 

-.49 
-.74 

-.14 
-.68 

E 

.023 

CUMULATIVE S T R A I N  (%) 
Z E e E 

-.50 -.97 
-.35 -.94 
-.28 - .77 

-.46 -.92 
-.27 -.89 
-.20 -.73 

-.43 - .87 
-.20 - .85 
-.13 - .69 

-.38 -.79 
m.093 -.77 
-.020 -.61 

-.28 -.63 
.090 -.62 
.17 - .48 

-.18 -.48 
.25 -.48 
.34 - .36 

-.098 -.33 
.40 -.33 
51 -.23 

-.010 -.17 
.54 -.18 
.70 -. 090 

.051 -.045 

.62 -. 051 

.80 ,018 

' e f f  

1.49 
1.31 
1.09 

1.40 
1.21 

.99 

1.33 
1.11 

.90 

1.19 
.95 
.73 

.94 

.68 

.50 

.70 

.49 

.41 

.46 

.42 

.50 

22 
-52 
.73 

.057 

.65 

.89 

TEMP. 
( O R )  

1323 
1300 
1171 

1285 
1265 
1139 

1250 
1232 
I110 

1186 
1170 
1053 

1068 
1058 
950 

951 
946 
846 

81 4 
81 3 
727 

679 
682 
608 

569 
574 
51 2 

.10 .070 .15 460 

.71 .62 .80 468 
-.92 .88 . l l  1.04 41 7 r e v  

I 

6-20 



ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

CONFIGURATION P.3 RESULTS (Cont 'd) 

TIME CUMULATIVE STRAIN (%)  
z 'eff E e E r ( s e 4  E 

3.425 -.24 .12 .16 -25 
-.80 .74 .15 .90 

-1.02 .92 .19 1.13 

3.45 -.32 .12 .23 .34 
-.88 .75 .22 .96 

-1 -10  .92 .25 1.19 

3.50 -.40 
-.97 

-1.17 

3.70 -.36 
-.92 

-1 .IO 

3.90 -.32 
-.87 

-1.06 

.091 

.72 

.89 

-.11 
.48 
.66 

- .23 
.33 
.53 

.33 

.32 
34 

.43 

.42 

.43 

.48 

.48 

.48 

.43 
1.02 
1.23 

.47 

.92 
1.11 

.51 

.86 
1.04 

374 
384 
343 

29s 
309 
276 

196 
206 
186 

104 
106 
101 

50 
50 
50 

c-21 



CONFIGURATION P.4 RESULTS 

EL EM ENT T I M E  

.03 

CUMULATIVE STRAIN (%) 
z ‘ e f f  E 9 & 

TEMP. 
( O R )  r E 

1 
10 

131 

-. 055 -. 054 -. 064 

,034 .074 .076 
036 .070 .074 

.040 .079 .085 

41 9 
424 
41 2 

1 
10 

131 

.05 

-10 

.20 

.30 

1.65 

- * 090 
- 092 
-.11 

.052 .12 .12 
,064 .12 . 1 2  
,068 .13 .14 

346 
354 
333 

1 
10 

131 

-.11 
-.11 -. 13 

,045 .16 .16 
,058 .16 .16 
,061 .17 .17 

282 
290 
272 

1 
10 

131 

-.12 
-.12 
-.13 

.007 * 21 .19 
,013 .21 .19 
.015 .22 .20 

21 2 
21 8 
206 

- .029 .24 .22 - .029 .24 22 - .045 .24 .21 

1 
10 

131 

-.12 
-.12 -. 10 

165 
168 
160 

1 
10 

131 

-.13 
-.12 
- .13 

-.11 .32 .29 
-.12 .32 .30 
-.12 .32 -30 

50 
50 
50 

1 
10 

131 

1.665 

1.68 

1.685 

- .094 - ,088 
- . l o  

-.12 .28 -26 
-.14 .28 - 2 6  
-.12 .29 .27 

107 
104 

97 

-.18 .19 .22 
-.20 20 .23 
-.15 .22 .22 

244 
235 
196 

1 
10 

131 

- 026 -. 023 
.. .057 

1 
10 

131 

.019 
026 -. 028 

-.21 .14 20 - .23 .15 .23 
-.17 .19 .21 

31 5 
303 
249 

1 
10 

131 

1.69 .076 
.094 
.011 

-.24 .092 .22 
-.28 .10 .25 
-.20 .15 .20 

392 
376 
307 

c-22 



CONFIGURATION p.4 RESULTS ( C o n t ' d )  

LLEMENT 

1 
10 
131 

1 
10 
131 

1 
10 
131 

1 
10 
131 

1 
10 
131 

1 
10 
131 

1 
10 
131 

1 
10 
131 

1 
10 
131 

1 
10 
131 

TIME 
(set) 

1.695 

1.70 

1.706 

1.712 

1.725 

1.738 

1.744 

1.75 

1.775 

1.80 

r 

.18 

.20 

.091 

.30 

.34 

.20 

.44 

.52 

.36 

.56 

.66 

.52 

.71 

.83 

.71 

.82 

.96 

.85 

.86 
1 .oo 
.89 

.89 
1.04 
.93 

.96 
1.10 
.98 

1.02 
1.16 
1.05 

E 

CUMULATIVE STRAIN (%) 
0 

-.29 
-.35 
-.26 

-.34 
-.43 
-.33 

- .40 
-.54 
-.44 

-.45 
-.62 
-.53 

-.51 
-.72 
-.64 

-.55 
-.78 
-.72 

-.56 
-.79 
-.74 

-.57 
-.81 
-.75 

-.58 
-.82 
-.76 

-.59 
-.84 
-.78 

E 
2 

E 

.026 

.040 

.098 

- .046 
- .025 
.046 

-.13 -. 10 - ,024 
-,20 
-.17 
- .087 
-.29 - .26 
-.18 

-.37 
-.33 
- .24 
-.39 
-.36 
-.27 

-.42 
-.38 
-.28 

-.47 
-.43 
-.33 

-.52 
-.49 
-.38 

' e f f  

.27 
33 
.24 

.37 

.44 

.31 

.50 

.61 

.46 

.60 

.75 

.61 

.75 

.92 

.79 

.86 
1.04 
.93 

.90 
1.08 
.97 

.93 
1.12 
1 .oo 

.99 
1.18 
1.05 

1.06 
1.23 
1.11 

TEMP. 
( O R )  

492 
470 
382 

590 
563 
46 1 

701 
668 
56 1 

792 
755 
645 

91 7 
876 
764 

1009 
96 7 
85 2 

1039 
996 
880 

1064 
1022 
905 

1125 
1083 
963 

1184 
1143 
1021 

C-23 



CONFIGURATION P.4 RESULTS (Cont 'd)  

ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

T I M E  
(set) 

1.85 

1.95 

2.50 

2.85 

3.20 

3.205 

3.21 

3.215 

3.22 

3.225 

r 

1.07 
1.19 
1.08 

1.09 
1.20 
1.09 

1.08 
1.18 
1.07 

1.07 
1.16 
1.06 

1.07 
1.16 
1.06 

1.06 
1.15 
1.04 

1.04 
1.13 
1.03 

1.02 
1.11 
1.02 

1.01 
1.09 
1 .oo 

.99 
1.07 

.98 

E 
CUMULATIVE STRAIN (%) TEMP. 

0 

-.58 
-.82 
-.76 

-.54 
-.76 
-.71 

-.39 
-.58 
-.54 

-.36 
-.54 
-.51 

-.36 
-.53 
-.50 

-.34 - .52 
-.49 

-.33 
-.50 
-.48 

-.32 
-.48 
-.47 

-.31 
-.46 - .45 

-.30 
-.45 
-.44 

E Z E 

-,57 - .54 
-.42 

-.63 
-.59 
-.48 

-.73 
-.70 
-.58 

-.74 
-.72 
- .59 

-.75 
-.72 
- .60 

-.73 
- .71 
-.58 

-.72 
-.69 
-.57 

-.70 
-.68 
-.56 

-.68 
-.66 
-.54 

-.67 
-.64 
-.53 

' e f f  

1.10 
1.25 
1.13 

1.12 
1.26 
1.13 

1.11 
1.21 
1.08 

1.10 
1.20 
1.07 

1.10 
1.20 
1.07 

1.09 
1.18 
1.06 

1.07 
1.16 
1.04 

1.05 
1.13 
1.02 

1.03 
1 .ll 
1 .oo 
1.01 
1.08 

.98 

( O R )  

1239 
1199 
1074 

1299 
1263 
1133 

141 3 
1383 
1244 

1432 
1402 
1262 

1438 
1408 
1267 

1419 
1391 
1252 

1400 
1372 
1235 

1382 
1356 
1220 

1361 
1336 
1203 

1344 
1320 
1189 

C-24 



ELEMENT 

1 
10  

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10  

131 

1 
10 

131 

1 
10 

131 

3.23 

3.24 

3.25 

3.26 

3.28 

3.30 

3.325 

3.35 

3 375 

3.40 

CONFIGURATION P.4 RESULTS (Cont'd) 

r E 

* 97 
1.04 

.96 

.93 

.99 

.92 

.89 

.92 

.88 

.81 

.79 

.81 

.66 

.55 

.68 

.50 

.34 

.53 

.34 

.18 

.33 

.18 

.009 

.13 

.066 
-.12 -. 022 

- .039 
-.22 
-.12 

CUMULATIVE STRAIN (%)  
8 

E 

-.29 
-.42 
-.42 

-.26 
-.38 
-.39 

-.24 
- .33 
-.37 

-.20 
-.25 
-.32 

-.14 
-.11 
-.26 

- .076 
.010 

-.18 

-.018 

- .066 
.083 

.039 

.16 
,058 

.075 

.21 

.14 

* l l  
.25 
.19 

2 
E 

-.65 
-.63 
-.51 

-.61 
-.60 
- .48 

-.58 
-.57 
-.46 

-.52 
-.51 
-.41 

-.42 
-.41 
-.32 

-.32 
-.32 
-.24 

-.22 
-.22 
-.15 

-.11 
-.12 -. 059 

- .030 
.034 
,012 

.047 

.042 

.075 

' e f f  

.98 
1.05 

.95 

.94 

.99 

.91 

.89 

.92 

.87 

.80 

.79  

.79 

.65 

.57 

.65 

.49 

.38 
-50 

.32 
24 

.30 

.17 

.16 

. l l  

.067 

.20 

.098 

.085 

.27 

.18 

TEMP. 
( O R )  

1323 
1300 
1171 

1285 
1265 
1139 

1250 
1232 
1110 

1186 
1170 
1053 

1068 
1058 
950 

951 
9 46 
846 

81 4 
81 3 
727 

679 
682 
608 

569 
574 
51 2 

460 
468 
41 7 

C-25 



ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

CONFIGURATION P.4 RESULTS (Cont 'd)  

TIME CUMULATIVE STRAIN (%) 
z ' e f f  E 0 E r bet) E 

3.425 -.11 .12 .10 .14 
-.29 .27 .097 .33 
-.21 .22 .12 .26 

3.45 -.16 .12 .15 .20 
-.35 .28 .15 .38 
-.28 .24 .17 .32 

3.50 -.22 
-.41 
-.32 

3.70 -.20 
-.36 
-.26 

3.90 -.18 
-.33 
-.24 

.ll 

.26 

.22 

- ,034 
.085 
.058 

-.11 
-.016 
- .040 

.22 

.22 

.23 

.28 
28 

.29 

.32 

.32 

.32 

.27 

.43 

.36 

.28 

.38 

.32 

.31 

.38 

.33 

TEMP. 
(OR) 

374 
384 
343 

298 
309 
276 

196 
206 
186 

104 
106 
101 

50 
50 
50 

C-26 



CONFIGURATION P .5 RESULTS 

ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

TIME 
b e 4  

.03 

.05 

.10 

.20 

-. 30 

1.65 

1.665 

1.68 

1.685 

1.69 

r E 

- 068 - 069 -. 079 

-.12 
- .13 
-.15 

-.16 
-.16 
-.18 

-.17 
-.17 
-.18 

-.17 
-.18 
-.19 

- .18 
-.17 
-.18 

-.14 
-.14 
-.15 

- .035 - .025 -. 078 

.050 

.081 

.004 

.16 

.22 

.14 

9 

.040 

.048 

.051 

.064 

.086 

.093 

.058 

.080 

.085 

,006 
,018 
.022 

-. 043 - ,038 -. 034 

-.15 
- .17 
-.16 

-.17 
-.19 
-.17 

-.24 
-.27 - .22 

-.28 
-.33 
-.28 

-.32 
-.42 
-.37 

E 

CUMULATIVE STRAIN (%)  
Z E 

.092 

.088 

.098 

.15 

.15 

.16 

.21 

.20 

.21 

.26 

.26 

.27 

.30 

.30 

.31 

.40 

.40 

.40 

35 
.35 
.36 

.24 

.25 

.28 

. I 8  

.19 

.23 

.12 

.13 

.18 

‘ e f f  

.094 

.094 

. l l  

.16 

.17 

.19 

.21 

.21 

.23 

.25 

.25 

.26 

.28 

.28 

.29 

.38 

.38 

.38 

.34 
35 

.35 

.28 

.30 

.30 

.27 

.32 

.29 

.31 

.40 

.36 

TEMP. 
( O R )  

41 9 
424 
41 2 

346 
354 
333 

282 
290 
272 

21 2 
21 8 
206 

165 
168 
160 

50 
50 
50 

107 
104 

97 

244 
235 
196 

31 5 
30 3 
249 

392 
376 
307 

C-27 



CONFIGURATION P.5 RESULTS ( C o n t ' d )  

ELEMENT TIME 
(see> 

CUMULATIVE STRAIN (%) 
Z 'eff  E e E r E 

TEMP. 
(W 

1 
10 

131 

1.695 .31 -.38 .032 .40 
.38 -.52 .050 .52 
.30 -.47 .12 .47 

492 
47 0 
383 

1 
10 

131 

1.70 .47 -.46 - .057 .53 
56 -.62 - .032 .68 

.45 -.57 .057 .59 

590 
563 
46 1 

1 
10 

131 

1.706 .66 
.77 
.66 -.69 - .030 .78 

-.54 -.16 
-.74 -.13 

.70 

.88 
701 
668 
56 1 

1 
10 

131 

1.712 .81 -.60 -.25 .85 
.92 - .82 -.21 1.02 
.83 -.79 -.11 .94 

792 
755 
645 

1 
10 

131 

1.725 * 97 -.69 -.37 1.03 
1.10 -.93 -.33 1.20 

* 99 - .86 -.22 1.08 

91 7 
87 6 
764 

1 
10 

131 

1,738 1 * l l  -.75 -.46 1.16 
1.22 -.99 -.42 1.33 
1.09 -.89 -.31 1.17 

1009 
967 
85 2 

1.16 -.77 -.49 1.20 
1.26 I -1.01 -.45 1.36 
1.11 -.89 -.34 1.19 

1 
10 

131 

1.744 1039 
996 
880 

1 
10 

131 

1.75 1.19 -.78 - . 5 2  1.24 
1.30 -1.02 -.48 1.40 
1.14 -.89 -.36 1.22 

1064 
1022 
905 

1.26 -.80 -.59 1.31 
1.39 -1.04 -.54 1.48 
1.18 -.89 -.41 1.26 

1125 
1083 

963 

1 
10 

131 

1.775 

1.34 -.81 -.66 1.38 
1.48 -1.06 -.61 1.57 
1.24 -.88 - .47 1.30 

1184 
1143 
1021 

1 
10 

131 

1.80 

C-28 



EL EM ENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

T IME 
(set) 

1.85 

1.95 

2.50 

2.85 

3.20 

3.205 

3.21 

3.215 

3.22 

3.225 

CONFIGURATION P.5 RESULTS (Cont'd) 

CUMULATIVE STRAIN (%)  
r 

1.38 
1.52 
1.26 

1.40 
1.53 
1.26 

1.35 
1.45 
1.12 

1.34 
1.44 
1.09 

1.34 
1.43 
1.07 

1.32 
1.41 
1.05 

1.30 
1.39 
1.01 

1.28 
1.38 

.94 

1.26 
1.37 

.85 

1.23 
1.36 

.78 

E e E 

-.79 
-1.03 

-.84 

-.72 
-.94 
-.75 

-.52 
-.68 
-.44 

-.48 - .64 
-.38 

-.48 
-.63 
-.35 

-.46 
-.61 
-.33 

-.45 
-.59 
-.30 

-.44 
-.59 
-.24 

-.42 
-.60 
-.15 

-.41 
-.61 
- 091 

Z E 

-.71 
-.67 
-.53 

-.78 
-.74 
-.60 

-.91 
-.87 
-.72 

-.93 
- .90 
-.74 

- .94 
-.go 
-.75 

-.91 
-.88 
-.73 

-.89 
-.86 
-.71 

-.87 
-.84 
-.69 

-.85 
-.82 
-.68 

-.83 
-.80 
-.66 

' e f f  

1.42 
1.59 
1.31 

1.43 
1.59 
1.30 

1.40 
1.49 
1.14 

1.39 
1.48 
1.12 

1.39 
1.47 
1.10 

1.37 
1.45 
1.08 

1.34 
1.42 
1.04 

1.32 
1.40 

.97 

1.28 
1.40 

.89 

1.26 
1.39 

.83 

TEMP. 
( O R )  

1239 
1199 
1074 

1299 
1263 
1133 

1413 
1383 
1244 

1432 
1402 
1262 

1438 
1408 
1267 

141 9 
1391 
1252 

1400 
1372 
1235 

1382 
1356 
1220 

1361 
1336 
1203 

1344 
1320 
1189 

C-29 



ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

T I M E  
(=> 

3.23 

3.24 

3.25 

3.26 

3.28 

3.30 

3.325 

3.35 

3.375 

3.40 

CONFIGURATION P. 5 RESULTS (Cont' d )  

CUMULATIVE STRAIN (%) 
r 

1.19 
1.35 

.69 

1 . l l  
1.30 

.54 

1.05 
1.25 

.42 

.93 
1.16 

.20 

.72 
1 .oo 
-.14 

E 

.52 

.85 
-.38 

.32 

.70 
-.66 

.12 

.53 
-.92 

- .036 
.39 

-1.11 

-. 16 

-1.30 
.28 

8 E 

-.39 
-.61 
-.018 

-.35 
-.60 

. lo  

-.33 
-.58 

* 20 

-.28 
-.54 

.35 

-.19 
-.49 

.58 

-.11 
-.45 

.74 

-. 032 
-.41 

90 

.044 
-.36 
1.07 

.092 
-.33 
1.17 

.13 
-.31 
1.21 

z E 

-.81 
-.78 
-.64 

-.76 
-.74 
-.60 

-.73 
-.71 
-.57 

-.66 
-.63 
-.51 

-.52 
-.51 - .40 

-.40 
-.40 
-.30 

-.27 
-.27 
-.19 

-.14 
-.14 - .075 

- ,037 -. 043 
,015 

.058 

.052 

.094 

' e f f  

1.21 
1.37 

.77 

1.14 
1.32 

.67 

1.08 
1.26 

.60 

.96 
1.17 

.53 

.74 
1 .oo 

.59 

.54 

.85 
-72 

.34 

.70 

.92 

.15 

.54 
1.16 

.086 

.42 
1.32 

.18 

.34 
1.50 

TEMP. 
( O R )  

1323 
1300 
1171 

1285 
1265 
1139 

1250 
1232 
1110 

1186 
1170 
1053 

1068 
1058 
950 

95 1 
946 
846 

81 4 
81 3 
727 

679 
682 
608 

569 
574 
51 2 

460 
468 
41 7 

C-30 



ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

T I M E  
bet> 

3.425 

3.45 

3.50 

3.70 

3.90 

CONFIGURATION p.5 RESULTS ( C o n t ' d )  

CUMULATIVE S T R A I N  (X) TErAP. 
E Z ' e f f  (OR) e E r E 

-.25 .14 .13 .26 373 
.20 -.30 .12 .32 384 

-1.39 1.33 .16 1.58 34 3 

-.31 .14 .19 .32 298 
-15 -.31 .18 .32 309 

-1.48 1.36 .21 1.65 276 

-. 31 . l l  .28 .39 196 
.093 -.35 .27  .37 206 

-1.54 1.34 .29 1.70 186 

-.34 -. 066 .36 .40 104 
.15 -.59 .35 .58 106 

-1.49 1.15 .36 1.57 101 

-.30 -.16 .40 .43 50 
.24 -.76 .40 .72 50 

-1.47 1.08 .40 1.52 50 

C-31 



ELEMENT 

1 
10 
131 

1 
10 
131 

1 
10 
131 

1 
10 
131 

1 
10 
131 

1 
10 
131 

1 
10 
131 

1 
10 
131 

1 
10 
131 

1 
10 
131 

T I M E  
b c >  

.03 

.05 

.10 

.20 

.30 

1.65 

1.665 

1.68 

1.685 

1.69 

CONFIGURATION P. 6 RESULTS 

r E 

- .069 -. 068 - .079 
-.11 
-.12 
-.13 

-.14 
-.14 
-.16 

-.14 
-.14 
-.16 

-.14 
-.14 
-.16 

-.16 
-.15 
-.16 

-.11 
-.11 
-.12 

- 030 - .026 -*. 071 
.026 
.035 - .036 
IO 
.12 
,017 

0 

.042 

.046 
,050 

.065 
,080 
.085 

.056 

.072 

.076 

.008 

.015 

.018 

E 

-. 036 - .036 - .033 
-.14 
-.16 
-.16 

-.15 
-.17 
-.16 

-.22 
-.24 
-.19 

- .26 
-.29 
-.22 

-.30 
-.36 
-.26 

CUMULATIVE STRAIN ( X )  
2 

E 

.092 

.G88 

.098 

.15 

.15 

.16 

.21 

.20 

.21 

.26 

.26 

.27 

.30 

.30 

.31 

.40 

.40 

.40 

.35 

.35 
-.36 

.24 

.25 

.28 

.18 

.19 

.23 

*12 
.13 
.18 

‘ e f f  

.095 

.093 

.ll 

.15 

.16 

.18 

.20 

.20 

.22 

.24 

.24 
,25 

.27 

.27 

.28 

.37 

.37 
37 

.32 

.33 

.33 

.27 
28 
.28 

.26 

.28 

.26 

.27 

.32 

.26 

TEMP. 
( O R )  

41 9 
424 
41 2 

346 
354 
333 

282 
290 
272 

21 2 
21 8 
206 

165 
168 
160 

50 
50 
50 

107 
104 
97 

244 
235 
196 

31 5 
303 
249 

392 
376 
307 

C-32 



CONFIGURATION p.6 RESULTS (Cont 'd)  

ELEMENT T IME CUMULATIVE STRAIN (%) 

Z 'eff E 0 E r b e 4  E 
TEMP, tw 

1 
10 

131 

1.695 

1.70 

1.706 

1.712 

1.725 

1.738 

1.744 

1.75 

1.775 

1.80 

.23 

.27 

.12 

-.36 
-.44 
-.34 

032 
,050 
.12 

.35 

.42 

.30 

492 
470 
383 

1 .39 
.44 
.27 

- .43 
-.54 
- .44 

590 
563 
46 1 

- .057 
- .032 

.057 

.47 

.57 
-42 

10 
131 

.57 

.66 

.49 

1 
10 

131 

-. 50 
-.68 
-.57 

-.16 
-.13 
- .030 

.64 

.78 

.61 

701 
668 
561 

1 
10 

131 

.72 

.84 

.68 

-.57 -. 78 
-.69 

-.25 
-.21 
-.11 

.77 

.95 

.79 

7 92 
755 
645 

1 
10 

131 

.91 
1.06 

.92 

-.64 
-.go 
-.82 

-.37 
-.33 
-.22 

.96 
1.16 
1.02 

91 7 
876 
764 

1 
10 

131 

1.06 
1 .18  
1.08 

-.70 - .96 
-.go 

-.46 
-.42 
-.31 

1.10 
1.28 
1.17 

1009 
967 
852 

1 1 . l o  
1.21 
1 . l l  

-.72 
-.97 
-.91 

-.49 
-.44 
-.34 

1.15 
1.32 
1.20 

1030 
996 
880 

10 
131 

-.73 
-.99 
-.92 

1.18 
1.35 
1.23 

1064 
1022 
905 

1 
10 

131 

1.13 
1.25 
1.14 

-.52 
-.48 
-.36 

-.75 
-1.01 

-.92 

1 
10 

131 

1.20 
1.32 
1.18 

-.59 
-.54 
-.41 

1.25 
1.42 
1.27 

11  25 
1083 
963 

1 
10  

131 

1.27 
1.39 
1.23 

-.76 
-1.03 
-.92 

-.66 
-.61 
-.41 

1.32 
1.49 
1.31 

1184 
1143 
1021 

c-33 



CONFIGURATION P - 6  RESULTS (Cont 'd) 

TEMP. 
(OR) 

ELEMENT T I M E  
bet> 

CUMULATIVE S T R A I N  (%) 

2 ' e f f  E 0 E r E 

1 
10 

131 

1.85 1.31 -.74 -.71 1.36 
1.42 -1 .oo -.67 1.52 
1.26 -.88 -.53 1.33 

1239 
1199 
1074 

1 
10 

131 

1.95 1.33 - .69 -.78 1.38 
1.44 -.93 -.74 1.52 
1.27 -.81 -.60 1.32 

1.31 -.51 -.91 1.37 
1.40 - 70' - .87 1.46 
1.22 -.58 -.72 1.25 

1299 
1263 
1133 

1 2.50 1413 
1383 
1244 

10 
131 

1 
10 

131 

2.85 1.31 -.47 -.93 1.36 
1.39 -.65 -.go 1.45 
1.20 -.53 -.74 1.23 

1.30 -.46 -.94 1.36 
1.38 - .64 - .90 I .44 
1.20 -.51 -.75 1.22 

1432 
1402 
1262 

1 
10 

131 

3.20 1438 
1408 
1267 

1.29 -.45 -.91 1.34 
1.36 -.62 -.88 1.42 
1.18 -.50 -.73 1.20 

1 .27  -.44 -.89 1.32 
1.34 -.60 - .86 1.39 
1.16 -.48 -.71 1.18 

1 
10 

131 

3.205 1419 
1391 
1252 

1 
10 

131 

3.21 1400 
1372 
1235 

1 
10 

131 

3.215 1.25 -.42 -.87 1.30 
1.32 -.58 -.84 1.36 
1.14 - .46 -.69 1.15 

1382 
1356 
1220 

1 
10 

131 

3.22 1.24 -.41 -.85 1.27 
1.28 -.55 -.82 1.32 
1 * l l  - .43 - .68 1.12 

1361 
1336 
1203 

3.225 1 
10 

131 

1.22 -.41 -.83 1.25 
1.25 -.52 -.80 1.28 
1.06 -.39 -.66 1.07 

1344 
1320 
1189 

c-34 



CONFIGURATION p.6 RESULTS (Cont'd) 

ELEMENT CUMULATIVE STRAIN ( X )  
Z E 8 

& 

TEMP, 
( O R )  r E ' e f f  

1 
10 

131 

3.23 1.19 
1.21 
1.01 

-.39 - .81 
-.50 -.78 
-.34 -.64 

1.22 
1.25 
1.02 

1323 
1300 
1171 

1 
10 

131 

3.24 1.14 
1.15 
.88 

-.37 -.76 
-.47 -.74 
-.23 - .60 

1.16 
1.18 

.89 

1285 
1265 
1139 

1 
10 

131 

3.25 1.08 
1.10 

.75 

-.34 -.73 
-.45 -.71 
-.13 -.57 

1.10 
1.13 

.78 

1250 
1232 
1110 

1 
10 

131 

1 
10 

131 

3.26 .96 
.99 
.53 

1186 
1170 
1053 

-.29 -.66 
-.40 -.64 

.052 -.51 

.98 
1.02 

.60 

3.28 .75 
-78  
.17 

-.21 -.53 
-.29 -.51 

.30 -.40 

.77 

.80 

.43 

1068 
1058 
950 

1 
10 

131 

3.30 .55 
.58 

-.11 

-.12 - .40 
-.20 -.40 

* 49 -.30 

.56 

.60 

.48 

951 
946 
846 

1 
1 0  

131 

3.325 35 
.38 

-.38 

- .052 -.27 
-.11 -.27 

.67 -.19 

81 4 
81 3 
727 

.36 

.39 

.65 

1 
10 

131 

3.35 .16 
.19 

-.67 

.Of 5 -.14 -. 030 -.14 

.86 -. 075 

.I8 

.20 

.89 

679 
682 
608 

1 
10 

131 

3.375 .019 
.045 - .85 

.058 - .037 

.019 -. 043 

.96 .015 

.055 

.052 
1.05 

569 
574 
51 2 

.12 

.092 
1.19 

460 
468 
41 7 

1 
10  

131 

3.40 -.lo - .082 
-1.01 

.092 .058 

.060 .052 
1.05 .094 

c-35 



ELEMENT T I M E  
( s e 4  

1 3.425 
10 

131 

1 3.45 
10 

131 

1 3.50 
10 

131 

1 3.70 
10 

131 

1 3.90 
10 

131 

CONFIGURATION P.6 RESULTS (Cont'd) 

CUMULATIVE S T R A I N  (%) 
r E 

-.18 
-.16 

-1.12 

-.25 -. 23 
-1.20 

-.33 
-.30 

-1.27 

-.29 
-.26 

-1.22 

-.27 
-.23 

-1.19 

0 E 

.10 

.076 
1.10 

.ll 
,085 

1.13 

.094 
,069 

1.12 

- 086 
-.15 

.92 

-,18 
-.27 

82 

z E 

.13 .20 

.12 .18 

.16 1.29 

.19 .27 

.18 .25 

.21 1.36 

.28 .36 

.27 .34 

.29 1.40 

.36 .38 
35 .38 

.36 1.28 

.40 .42 

.40 .43 

.40 1.23 

TEMP. 
( O R )  

374 
384 
343 

298 
30 9 
276 

196 
206 
186 

104 
106 
101 

50 
50 
50 

C-36 



CONFIGURATION P. 7 RESULTS 

ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10  

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

' 1  
10 

131 

T I M E  
(set) 

.03 

.05 

.10 

.20 

.30 

1.65 

1.665 

1.68 

1.685 

1.69 

r E 

- .087 - .088 
- . lo 

-.14 
-.15 
-.18 

-.18 
-.19 
-.20 

-.19 
-.19 
-.20 

-.18 
-.18 
-.20 

-.18 
-.17 
-.18 

-.14 
-.13 
-.15 

-. 021 
-, 0005 
-.073 

.072 
099 - ,003 

.18 

.23 

.12 

CUMULATIVE STRAIN (%) 
e E 

.038 

.046 

.050 

.060 

.081 

.088 

.050 

.072 

.076 

- .003 
.008 
.013 

- .053 - .049 - .044 

-.16 
-.18 
-.17 

-.18 
-.20 
-.18 

-.24 
-.28 
-.27 

-.29 
-.34 
-.26 

-.33 
-.42 - .34 

2 
E 

.092 

.088 

.098 

.15 

.15 

.16 

.21 
* 20 
.21 

.26 

.26 

.27 

.30 

.30 

.31 

.40 

.40 

.40 

.35 
* 35 
.36 

.24 

.25 

.28 

.18 

.19 

.23 

.12 

.13 

.18 

' e f f  

. I 1  

. l l  
*12 

-18 
.18 
.20 

.22 

.23 

.25 

.26 

.26 

. 2 7  

.29 

.29 

.30 

.38 

.38 

.38 

.34 

.35 

.35 

28 
.30 
.29 

.28 
33 

.28 

.32 

.40 

.33 

TEMP. 
( O R  1 

41 9 
424 
41 2 

346 
354 
332 

282 
290 
272 

21 2 
21 8 
206 

165 
168 
160 

50 
50 
5i) 

107 
104 

97 

244 
235 
136 

31 5 
30 3 
24'3 

392 
3?E 
307 

c-37 



CONFIGURATION P . 7  RESULTS (Cont'd) 

ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

T I M E  
(set 1 

1.695 

1.70 

1.706 

1.712 

1.. 725 

1.738 

1.744 

1.75 

1.775 

1.80 

r 

.32 

.40 

.28 

.48 

.58 

.45 

.67 

.79 

.65 

.82 

.95 

.84 

1.02 
1.13 
1.02 

1.15 
1.26 
1.12 

7.19 
1.30 
1.15 

1.23 
1.34 
1.17 

1.30 
1.41 
1.22 

1.38 
1.49 
1.27 

E 

CUMULATIVE STRAIN (%) 
e E 

-.39 
-.52 - .45 

- .46 
- .62 
-.56 

-.54 
-.75 
-.68 

-.61 
-.83 
-.78 

-.70 
-.92 
-.87 

-.76 
-.98 
-.go 

-.77 
-1 .oo 

-.go 

-.79 
-1.01 

-.go 

- .80 
-1.02 
-.89 

-.82 
-1.04 - .88 

z E 

.032 
,050 
.12 

- .057 
-.32 

.057 

-.16 
-.13 -. 030 

-.25 
-.21 
-.11 

-.37 
-.33 
-.22 

-.46 
-.42 
-.31 

-.49 
-.45 
-.34 

-.52 
-.48 
-.36 

-.59 
-.54 
-.41 

-.66 
-.61 
-.47 

' e f f  

.42 

.54 

.44 

.55 

.69 
59 

.72 

.89 

.77 

.86 
1.04 

.94 

1.05 
1.22 
1.11 

1.18 
1.35 
1.20 

1.23 
1.39 
1.22 

1.27 
1.42 
1.24 

1.34 
1.49 
1.28 

1.41 
1.56 
1.32 

TEMP. 
( O R )  

492 
470 
383 

590 
563 
46 1 

701 
668 
56 1 

792 
755 
645 

91 7 
876 
764 

1009 
967 
852 

1039 
996 
880 

1064 
1022 

905 

1125 
1083 
963 

1184 
1143 
1021 

, 

G-38 



CONFIGURATION P.7 RESULTS ( C o n t ' d )  

ELEMENT CUMULATIVE STRAIN (%)  
Z ' e f f  E 8 

E r E 

1 1.85 1.42 
1.53 
1.29 

-.80 -.71 
-1.01 -,67 
-.84 - .53 

1.45 
1.59 
1.33 

1 
10 
131 

1.95 1.43 
1.54 
1.28 

-.73 -.78 
-.92 -.74 
-.76 -.60 

1.46 
1.53 
1.31 

1 
10 
131 

2.50 1.38 
1.45 
1.14 

-.54 -.91 
-.67 -.87 
-.45 -.72 

1 .A? 
1.49 
1.16 

1 
10 
131 

1.38 
1.44 
1.10 

2.85 -.50 -.93 - .63 -.go 
-.38 -.74 

1.42 
1.43 
1.13 

1 
10 
131 

3.20 1.37 
1.43 
1.08 

-.49 -.94 
-.62 -.go - .36 -,75 

1.41 
1.47 
1 . 1 1  

1 3.205 1.35 
1.41 
1.05 

-.48 -.91 
-.60 -.88 
-.33 -.73 

1.39 
1 *4A 
1 .oe 

10  
131 

1 
10 
131 

3.21 1.33 
1.38 
1 .oo 

-.47 -.89 
-.58 - .86 - .29 -.71 

1.36 
1.41 
1.03 

1.30 
1.36 
.94 

1 
10 
131 

3.215 - .45 - .87 
-.58 -.84 
-.23 -.69 

1.33 
1.39 

* 97 

1 
10 
131 

3.22 1.27 
1.36 
.84 

-.44 -.85 
-.59 -,82 
-.14 -,68 

1.30 
1.38 

.83 

-.43 -.83 
-.60 -,80 
- .066 -,66 

1.27 
1.37 

.82 

1 
10 
131 

3.225 1.24 
1.35 
.75 

c-39 



CONFIGURATION p.7 RESULTS (Cont'd) 

EL EM E NT TIME 
( s e 4  

CUMULATIVE STRAIN (%) 

2 'e f f E e E r E 

TEMP. 
( O R )  

1 
10 

131 

3.23 1.20 
1.34 

.65 

-.41 
-.61 

.024 

-.81 
-.78 
-.64 

1.23 
1.36 

.74 

1323 
1300 
1171 

1 
10 

131 

3.24 1.13 
1.30 

-.37 
-.61 

.16 

-.76 -. 74 
-.60 

1.16 
1.32 

.64 

1285 
1265 
1139 .48 

I 

3.25 1 
10 

131 

1.06 
1.26 

35 

-.34 
-.59 

.27 

-.73 
-.71 
-.57 

1.09 
1.27 

.59 

1250 
1232 
1110 

1 
10 

131 

3.26 95 
1.16 

.13 

-.30 
-.56 

.43 

- .66 - .64 
-.51 

.98 
1.18 

1186 
1170 
1053 .55 

1 
10 

131 

3.28 .74 
1 .oo 
-.21 

- . 2 2  
-.51 

.67 

-.53 
-.51 
-.40 

.76 
1.01 

.66 

1068 
1058 

950 

1 
10 

131 

3.30 .55 
86 

-.49 

-.14 
-.47 

.86 

-.40 
-.40 
-.30 

.57 

.86 

.85 

951 
946 
846 

1 
10 

131 

3.325 .35 
.71 

-.78 

-. 077 
-.44 
1.04 

- .27 
-.27 
-.19 

.37 81 4 
81 3 
727 

.72 
1.07 

679 
682 
608 

1 
10 

131 

3.35 .16 
.57 

-1.07 

-.012 
-.42 
1.23 

-.14 
-.14 -. 075 

.18 

.59 
1.33 

1 
10 

131 

3.375 .019 
.45 

-1.26 

.030 
-.41 
1.33 

- .037 -. 043 
.015 

042 
.50 

1.50 

569 
574 
512 rev 

.11 

.43 
1.64 

460 rev 
468 
41 7 

1 
10 

131 

3.40 -.11 
.35 

-1.42 

.064 
-.40 
1.42 

.058 

.052 

.094 

C-40 



ELEMENT T I M E  
( s e d  

1 3.425 
10 

131 

1 3.45 
10 

131 

1 3.50 
10 

131 

1 3.70 
10 

131 

1 3.90 
10 

131 

CONFIGURATION p.7 R E S U L T S  (Cont'd) 

CUMULATIVE S T R A I N  (%) 
2 ' e f f  E e E r E 

-.19 .075 .13 .20 
.28 - .39 -12 .40 

-1.54 1.48 .16 1.75 

-.26 .080 .19 .27 
.22 -.40 .18 .40 

-1.62 1.51 21 1.81 

-.32 .056 .28 .35 
.16 -.43 .27 .44 

-1.68 1.49 .29 1.84 

-.26 -.13 .36 .38 
.25 -.68 .35 .66 

-1.60 1.30 .36 1.71 

-.22 -.22 .40 .42 
.32 -.82 .40 .79 

-1.57 1.19 .40 1.64 

104 
106 
101 

C-41 



CONFIGURATION P .8 RESULTS 

ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

T I M E  
b e 4  

.03 

.05 

. l o  

20 

.30 

1.65 

1.665 

1.68 

1.685 

1.69 

r E 

- -046 - .045 - 053 

-. 075 - .077 
- .093 

- . lo  
- . l o  
- .12 

-.11 
-.11 
-.12 

-.12 
-.12 
- , 13  

-.14 
-.13 
-.14 

-.11 
-.11 
-.12 

-. 059 - .052 - ,086 

- .011 
.080 -. 061 

.078 

.16 - .008 

CUMULATIVE STRAIN (%) 
9 E 

.045 

.049 
,053 

- .070 
.086 
.091 

.067 

.083 
,086 

.024 
,032 
.035 

- * 020 
-.019 
-.016 

- . l Z  
-.14 
-.14 

-.14 
-.16 
-.14 

-.21 
-.24 
-.18 

-,25 
-.39 
-.21 

-.30 - .43 
-.26 

2 
E 

,092 
.088 
,098 

.15 

.15 

.16 

.21 

.20 
,21 

.26 

.26 

.27 

.30 

.30 

.31 

.40 

.40 

.40 

.35 

.35 

.36 

.24 

.25 

.28 

.18 

.19 

. 23  

.12 

.13 

.18 

‘ e f f  

.081 

.079 

.090 

.13 

.13 

.15 

.18 

.18 

.19 

.22 

.22 

.23 

.26 

.25 

.26 

.35 

.36 

.36 

.32 

.33 
33 

.26 

.28 

.28 

.25 

.36 

.26 

.26 

.38 

.26 

TEMP. 
( O R )  

41 9 
424 
41 2 

346 
354 
333 

282 
290 
272 

21 2 
21 8 
206 

165 
168 
160 

50 
50 
50 

107 
104 

97 

244 
235 
196 

31 5 
303 
249 

392 
376 
307 

C-42 



CONFIGURATION P .8 RESULTS (Con t I d ) 

ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

TIME 
(set) 

1.695 

1.70 

1.706 

1.712 

1.725 

1.738 

1.744 

1.75 

1.775 

1.80 

r E 

.23 

.29 

.12 

.39 

.46 

.27 

.58 

.66 

.47 

.73 

.82 

.64 

.94 
1 .oo 
.88 

1.04 
1.11 
1 .oo 
1.08 
1.14 
1.03 

1 . l l  
1 . I 7  
1.06 

1.18 
1.24 
1 . l o  

1.24 
1.30 
1.15 

CUMULATIVE STRAIN (%) 
e & 

- ,37 
-.50 
-.35 

-.44 
-.58 - .44 

-.52 
-.70 
-.56 

-.59 
-.79 
-.66 

-.68 
-.88 
-.79 

-.73 
-.94 
-.86 

-.75 
-.97 
-.86 

-.76 
-.98 
-.87 

-.78 
-1 .oo 

-.87 

-.80 
-1.02 

-.87 

Z 
E 

.032 

.050 

.12 

-. 057 - 032 
.057 

-.16 
- . 1 3  
-.030 

-.25 
-.21 
-.11 

-.37 
-.33 
-.22 

-.46 
-.42 
-.31 

-.49 
-.45 
-.33 

-.52 
-.48 
-.36 

-.59 
-.54 
-.41 

-.66 
-.61 
-.47 

‘ e f f  

.35 

.47 

.31 

.48 

.60 

.42 

.65 
79 

.60 

.79 
* 94 
.75 

.99 
1 .12  

.98 

1 . l l  
1.23 
1.10 

1.15 
1.27 
1.13 

1.18 
1.30 
1.15 

1.25 
1.37 
1.20 

1.32 
1.43 
1.24 

TEMP. 
( O R )  

492 
47 0 
383 

590 
56 3 
46 1 

701 
668 
561 

792 
755 
645 

91 7 
876 
764 

1009 
967 
852 

1039 
996 
880 

1064 
1022 

905 

1125 
1083 

963 

1184 
1143 
1021 

c-43 



CONFIGURATION P.8 RESULTS (Cont 'd )  

ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

TIME 
bet> 

1.85 

1.95 

2.50 

2.85 

3.20 

3.205 

3.21 

3.215 

3.22 

3.225 

r E 

1.29 
1.34 
1.19 

1.31 
1.37 
1.20 

1.30 
1.33 
1.14 

1.29 
1.32 
1.12 

1.29 
1.31 
1 .ll 

1.28 
1.29 
1.10 

1.27 
1.28 
1.08 

1.26 
1.26 
1.06 

1.24 
1.24 
1.01 

1.21 
1.22 

.96 

CUMULATIVE STRAIN (X) 
e E 

-. 79 
-.99 
-.84 

-.73 
-.91 
-.77 

-.53 
-.66 
-.50 

-.50 
-.61 
-.44 

-.48 
-.60 
-.42 

-.47 
-.58 
-.40 

- .46 
-.56 
-.38 

-.44 
-.54 
-.35 

-.42 
-.52 
-.30 

-.41 
-.51 
-.26 

z E 

-.71 
-.67 
-.53 

-.78 
-.74 
-.60 

-.91 
-.87 
-.72 

-.93 
-.go 
-.74 

-.94 
-.go 
-.75 

-.91 
-.88 
-.73 

-.89 
-.86 
-.71 

-.87 
-.84 
-.69 

- .85 
-.82 
-.68 

-.83 
- .80 
-.66 

' e f f  

1.36 
1.46 
1.26 

1.38 
1.47 
1.26 

1.36 
1.40 
1.17 

1.36 
1.39 
1.16 

1.36 
1.39 
1.14 

1.34 
1.36 
1.12 

1.32 
1.34 
1.10 

1.30 
1.32 
1.07 

1.27 
1.28 
1.02 

1.25 
1.26 

.98 

TEMP. 
( O R )  

1239 
1199 
1074 

1299 
1263 
1133 

1413 
1383 
1244 

1432 
1402 
1262 

1438 
1408 
1267 

1419 
1391 
1252 

1340 
1372 
1235 

1382 
1356 
1220 

1361 
1336 
1203 

1344 
1320 
1189 

c-44 



ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

TIME 
(set> 

3.23 

3.24 

3.25 

3.26 

3.28 

3.30 

3.325 

3.35 

3 375 

3.40 

> 

CONFIGURATION P . 8  RESULTS (Cont'd) 

r 

1.18 
1.20 

.90 

1.10 
1.15 

* 77 

1.04 
1 . l o  

.68 

.92 

.98 

.48 

.70 
* 75 
.18 

.50 

.54 
- .087 

E 

.30 

.32 
-.37 

.10 

. l l  
-.65 

- .049 
- .049 
-.83 

-.18 
-.18 
-.98 

CUMULATIVE STRAIN (%) 
e 

-.39 
-.51 
-.21 

-.35 
- .49 
-.11 

-.32 
-.47 
- .031 

-.27 
-.40 

.12 

-.17 
-.28 

E 

.31 

- .082 
-.17 

.48 

- .004 - .071 
.66 

.071 

.028 

.84 

.12 

.093 

.95 

.16 

.14 
1.05 

2 
E 

-.81 
-.78 
-.64 

-.76 
-.74 
-.60 

-.73 
-.71 
-.57 

-.66 - .64 
-.51 

-.53 
-.51 
-.40 

-.40 
-.40 
-.30 

-.27 
-.27 
-.19 

-.14 
-.14 - ,075 

-. 087 - .043 
.015 

.058 

.052 

.094 

' e f f  

1.21 
1.24 

.92 

1.13 
1.19 

.81 

1.06 
1.13 

.72 

.95 
1.01 

.58 

73 
.78 
.44 

.52 

.56 

.47 

.33 

.35 

.64 

.15 

.15 

.87 

. l l  

.092 
1.03 

* 20 
.20 

1.17 

TEMP. 
( O R )  

1323 
1300 
1171 

1285 
1265 
1139 

1250 
1232 
1110 

1186 
1170 
1053 

1068 
1058 
950 

951 
946 
846 

81 4 
81 3 
727 

679 
682 
608 

569 
574 
51 2 

460 
468 
41 7 

c-45 



ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

CONFIGURATION P.8 ZESULTS (Cont'd) 

TIME CUMULATIVE STRAIN (%) 
Z 'eff E 8 E r ( s 4  E 

3.425 -.26 .18 .13 .28 
-.27 .16 .12 ,28 

-1.08 1.09 .16 1.26 

3.45 -.33 .19 -19 -35 
-.34 

-1.17 
.18 

1.12 
.18 
e 21 

35 
1.33 

3.50 -.40 
-.41 

-1.24 

3.70 -.40 
-.41 

-1.21 

3.90 -.39 
-.38 

-1.20 

.17 

. I5  
1.11 

- .009 - .072 
.92 

-.11 
-.20 

.82 

.28 

.27 

.29 

.36 
e35 
.36 

.40 

.40 

.40 

.42 

.42 
1.38 

.44 

.44 
1.28 

.46 

.47 
1.23 

TEMP. 
( O R )  

374 
3 84 
343 

298 
309 
276 

196 
206 
186 

104 
106 
101 

50 
50 
50 

C-46 



CONFIGURATION P. 9 RESULTS 

ELEMENT CUMULATIVE STRAIN (%) 
2 

E 8 E 
TEMP. 
( O R )  r E 

1 
10 

131 

-. 068 - .068 -. 079 

040 .092 
047 .088 

,051 .098 

.095 
094 
.ll 

41 9 
424 
41 2 

1 
10 

131 

.05 -.11 
-.12 
-.13 

.064 .15 

.082 .15 

.086 .16 

.16 

.16 

.18 

346 
354 
333 

1 
10 

131 

.10 

.20 

.30 

1.65 

1.665 

-.14 
-.14 
-.16 

.055 .21 

.075 * 20 

.080 .21 

.20 

.20 

.22 

282 
290 
272 

1 
10 

131 

-.15 
-.15 
-.16 

.008 .26 

.018 26 

.021 .27 

.24 

.24 

.25 

21 2 
21 8 
206 

1 
10 

131 

-.16 
-.15 
-.17 

- .038 .30 - ,034 .30 - .031 .31 

.28 

.27 

.28 

165 
168 
160 

1 
10 

131 

-.17 
-.16 
-.17 

-.14 .40 
-.16 .40 
-.16 .40 

..37 
.37 
* 37 

50 
50 
50 

1 
10 

131 

-.12 
-.12 
-.14 

-.16 .35 
-.18 .35 
-.16 .36 

.33 

.34 

.34 

107 
104 

97 

-.23 .24 
-.25 .25 
-.20 .28 

.27 

.29 

.29 

244 
235 
196 

1 
10 

131 

1.68 

1.685 

1.69 

- .043 - .039 - .083 

1 
10 

131 

.014 

.023 - .047 

-.27 .18 
-.30 .19 
-.22 .23 

.26 

.29 

.26 

31 5 
303 
249 

1 
10 

131 

.089 

.ll 

.006 

-.31 .12 
-.36 ,13 - .26 .18 

.28 
32 

.26 

392 
376 
307 

c-47 



ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

TIME 
(set 1 

1.695 

1.70 

1.706 

1.712 

1.725 

1.738 

1.744 

1.75 

1.775 

1.80 

CONFIGURATION P.9 RESULTS (Cont 'd)  

CUMULATIVE STRAIN (%) 
r 

22 
.26 
.12 

.38 

.44 

.28 

.56 

.66 

.50 

.71 

.84 

.69 

.90 
1.05 

.93 

1.04 
1.18 
1.07 

1.09 
1.22 
1.10 

1.12 
1.25 
1.13 

1.19 
1.33 
1.18 

1.26 
1.40 
1.23 

E e E 

-.37 
-.45 
-.35 

-.44 
-.56 
-.45 

-.51 
-.70 
-.59 

-.57 - .81 
-.71 

-.65 
-.92 
-.85 

-.71 
-.98 
-.91 

-.73 
-1 .oo 

-.92 

-.74 
-1.01 

-.93 

-.76 
-1.03 
-.93 

-.77 
-1.05 

-.93 

Z E 

.032 

.050 

.12 

-. 057 -. 032 
.057 

-.16 
-.13 - .030 

-.25 
-.21 
-.11 

-.37 
-.33 
-.22 

-.46 
-.42 
-.31 

-.49 
- .45 
-.34 

-.52 - .48 
-.36 

-.59 
-.54 
-.41 

-.66 
- .61 
-.47 

'eff 

.35 

.42 

.31 

.47 

.58 

.43 

.63 

.79 

.63 

.77 

.96 

.81 

.95 
1.17 
1.04 

1.10 
1.29 
1.18 

1.14 
1.33 
1.20 

1.18 
1.37 
1.23 

1.25 
1.44 
1.27 

1.32 
1.50 
1.31 

TEMP. 
( O R )  

492 
470 
383 

590 
563 
46 1 

701 
668 
561 

792 
755 
645 

91 7 
876 
764 

1009 
967 
852 

1039 
996 
880 

1064 
1022 
905 

1125 
1083 
963 

1184 
1143 
1021 

C-48 



ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

T I M E  
(set) 

1.85 

1.95 

2.50 

2.85 

3.20 

3.285 

3.21 

3.215 

3.22 

3.225 

r 

1.30 
1.44 
1.26 

1.33 
1.46 
1.28 

1.31 
1.42 
1.21 

1.30 
1.40 
1.19 

1.30 
1.40 
1.18 

1.29 
1.38 
1.16 

1.27 
1.36 
1.13 

1.25 
1.34 
1.10 

1.23 
1.30 
1.06 

1.21 
1.28 
1 .oo 

E 

CUMULATIVE STRAIN (%)  
e E 

-.76 
-1.02 

-.89 

-.70 
-.95 
-.82 

-.51 
-.70 
-.56 

-.48 
-.66 
-.50 

-.46 
-.64 
-.48 

-.45 
-.62 
-.46 

-.43 
-.60 
-.44 

-.42 
-.58 
-.41 

-.41 
-.56 - .37 

-.40 
-.55 
-.32 

2 
E 

- .71 
-.67 
-.53 

-.78 
-.74 
-.60 

-.91 
-.87 
-.72 

-.93 
-.go 
-.74 

-.94 
-.go 
-.75 

-.91 - .88 
-.73 

-.81 
-.86 
-.71 

-.87 
-.84 
-.69 

-.85 
-.82 - .68 

-.83 
-.80 
-.66 

‘ e f f  

1.36 
1.53 
1.33 

1.38 
1.54 
1.33 

1.37 
1.48 
1.24 

1.36 
1.46 
1.21 

1.36 
1.46 
1.20 

1.34 
1.43 
1.18 

1.32 
1.40 
1.15 

1.29 
1.37 
1.12 

1.27 
1.34 
1.07 

1.25 
1.31 
1.01 

TEMP. 
( O R )  

1239 
1199 
1074 

1299 
1263 
1133 

1413 
1383 
1244 

1432 
1402 
1262 

1438 
1408 
1267 

1419 
1391 
1252 

1400 
1372 
1235 

1382 
1356 
1220 

1361 
1336 
1203 

1344 
1320 
1189 

c-49 



ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

TIME 
( s e 4  

3.23 

3.24 

3.25 

3.26 

3.28 

3.30 

3.325 

3.35 

3.375 

3.40 

CONFIGURATIONP.9 RESULTS ( C o n t ' d )  

r 

1.19 
1.25 

.92 

1.13 
1.21 

.75 

1.07 
1.16 

.61 

-96 
1.06 

.36 

* 75 
.84 
.031 

55 
.63 

-.23 

E 

.36 

.42 
-.52 

.17 

.22 
-.80 

.030 

.077 
-.99 

- .096 -. 054 

CUMULATIVE STRAIN (%) 
0 E 

-.39 
-.54 
-.25 

-.36 
-.53 -. 098 

-.34 
-.51 

.018 

-.29 
-,46 

.21 

-.21 
-.35 

.44 

-.13 
-.24 

.62 

-. 062 
-.16 

.80 

.003 - .070 

.99 

.044 
-.018 
1.09 

,079 
.024 

-1.14 1.18 

Z E 

-.81 
-.78 
- .64 

-.76 
-.74 
-.60 

-.73 
-.71 
-.57 

-.65 
-.64 
-.51 

-.53 
-.51 
-.40 

-.40 
-.40 
-.30 

-.27 
-.27 
-.19 

-.14 
-.14 - .075 

- .037 
-.043 

.015 

.058 

.052 

.094 

' e f f  

1.22 
1.28 

.94 

1.16 
1.24 

.79 

1.09 
1.19 

.68 

.98 
1.08 

.54 

.77 

.85 

.49 

.57 

.64 
60 

.37 

.43 

.79 

.18 

.23 
1.04 

.050 

.073 
1.20 

.ll 
,063 

1.34 

TEMP. 
( O R )  

1323 
1300 
1171 

1285 
1265 
1139 

1250 
1232 
1110 

1186 
1170 
1053 

1068 
1058 

950 

951 
946 
846 

81 4 
81 3 
727 

679 
682 
608 

569 
574 
51 2 r e v  

460 rev 
468 rev 
41 7 

I 

C-50 



ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

CONFIGURATION P .9 RESULTS (Cont ' d) 

3.425 -.18 
-.14 

-1.24 

3.45 - .24 
-.21 

-1.32 

3.50 -.32 
-.28 

-1.39 

3.70 -.29 
-.22 

-1.34 

3.90 -.26 
-.19 

-1.31 

CUMULATIVE STRAIN (%) 
Z 

E 0 E 

091 .13 
.042 .12 

1.22 .16 

.098 

.053 
1.25 

.085 

.039 
1.24 

- .095 
-.17 
1.04 

-.19 
-.30 

.93 

.19 

.18 
21 

.28 

.27 

.29 

.36 

.35 

.36 

.40 

.40 

.40 

' e f f  

.19 

.15 
1.43 

.26 

.23 
1.49 

* 35 
.32 

1.54 

.38 

.37 
1.41 

.42 

.44 
1.36 

TEMP. 
( O R )  

374 
384 
343 

298 
309 
276 

196 
206 
186 

104 
106 
101 

50 
50 
50 

C-51 



CONFIGURATION p. 10 RESULTS 

EL EM ENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

TIME 
( s e 4  

.03 

.05 

.10 

.20 

.30 

1.65 

1.665 

1.68 

1.685 

1.69 

r E 

- ,068 - .069 
- .082 

-.12 
-.13 
-.15 

-.16 
-.16 
-.18 

-.17 
-.17 
-.18 

-.17 
-.17 
-.19 

-.17 
-.16 
-.17 

-.14 
-.13 
-.15 

-, 028 - ,007 - .072 

,066 
,11 
,026 

,18 
.24 
.16 

CUMULATIVE STRAIN (%) 
0 

.041 
,047 
.051 

.066 

.085 

.092 

.059 

.079 

.084 

.007 
,016 
021 

- .042 - .039 - .034 

-.15 
-.17 
-.16 

-.17 -. 19 
-.17 

-.24 
-.28 
-.22 

-.28 
-.34 
-.29 

-.32 
-.42 
-.38 

E z E 

092 
.088 
.098 

.15 

.15 

.16 

.21 

.20 

.21 

.26 

.26 

.27 

.30 

.30 

.31 

.40 

.40 

.40 

.35 

.35 
36 

.24 

.25 

.28 

.18 

.19 

.23 

.12 

.13 

.18 

‘ e f f  

.095 

.094 

.11 

.16 

.16 

.19 

.21 

.21 

.23 

.25 

.25 

.26 

.28 
28 

.29 

.38 

.38 

.38 

.34 

.34 

.35 

.27 

.30 

.30 

.27 

.33 

.31 

.32 

.41 

.36 

TEMP. 
( O R )  

41 9 
424 
41 2 

346 
354 
333 

282 
290 
272 

21 2 
21 8 
206 

165 
168 
160 

50 
50 
50 

107 
104 

97 

244 
235 
196 

31 5 
303 
249 

39 2 
376 
307 

C-52 



EL EME NT 

1 
10 

131 

1 
10 

" '  131 

1 
P 10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

TIME 
b e 4  

1.695 

1.70 

1.706 

1.712 

1.725 

1.738 

1.744 

1.75 

1.775 

1.80 

CONFIGURATION P.10 RESULTS (Cont'd) 

r 

.33 

.40 

.30 

.48 
57 

.45 

.67 

.78 

.65 

,82 
.92 
.82 

1 .oo 
1.09 

.96 

1.12 
1.21 
1.06 

1.16 
1.25 
1.08 

1.20 
1.28 
1.10 

1.27 
1.36 
1.15 

1.34 
1.44 
1.19 

E 
9 

-.39 
-.52 
-.46 

-.46 
-.62 
-.55 

-.54 
-.74 
-.66 

- .61 
-.82 
-.76 

-.70 
-.91 - .82 

- ,76  
-.97 
-.85 

-.78 
-.98 
-.85 

-.79 
-.99 
-.85 

-.81 
-1.01 
-.84 

-.82 
-1.02 

-.83 

E Z E 

,032 
.050 
.12 

-. 057 -. 032 
.057 

-.16 
-.13 - .030 

-.25 
-.21 
-.11 

-.37 
-.33 
-.22 

-.41 
-.42 
-.31 

-.49 
-.45 
-.34 

-.52 
-.48 
-.36 

-.59 
-.54 
-.41 

-.66 
-.61 
-.47 

CUMULATIVE STRAIN (%) 
'e f f 

.41 

.54 

.46 

.54 

.69 

.58 

.71 

.88 

.76 

.86 
1.02 

.92 

1.04 
1.19 
1.05 

1.17 
1.31 
1.13 

1.21 
1.34 
1.15 

1.25 
1.38 
1.17 

1.32 
1.45 
1.21 

1.39 
1.52 
1.25 

TEMP. 
( O R )  

492 
470 
383 

590 
56 3 
46 1 

701 
668 
561 

792 
755 
645 

91 7 
876 
764 

1009 
967 
85 2 

1039 
996 
880 

1064 
1022 
905 

1125 
1080 
963 

1184 
1143 
1021 

c-53 



ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

TIME 
bet) 

1.85 

1.95 

2.50 

2.85 

3.20 

3.205 

3.21 

3.215 

3.22 

3.225 

CONFIGURATION 10 RESULTS (Cont'd) 

r 

1.38 
1.47 
1.21 

1.39 
1.48 
1.20 

1.33 
1.37 

.99 

1.32 
1.36 

.96 

1.32 
1.35 

.94 

1.30 
1.34 

.92 

1.28 
1.32 

.87 

1.26 
1.31 

.78 

1.24 
1.31 

.67 

1.21 
1.30 

59 

E 
CUMULATIVE STRAIN (%) 

8 E 

-.79 
-.98 
-.78 

-.72 - .89 - .67 

-.52 
-.62 
-.32 

-.48 
-.57 
-.25 

-.47 
-.56 
-.22 

-.46 
-.54 
-.20 

-.44 
-.53 
-.16 

-.43 
-.54 - ,078 

-.42 
-.55 - .022 

-.41 
-.56 

.091 

2 
E 

-.71 
-.67 
-.53 

-.78 
-.74 
-.60 

-.91 
-.81 
-.72 

-.93 
-.go 
-.74 

-,94 
-.go 
-.75 

-.91 
-.88 
-.73 

- .81 
-.86 
-.71 

-.87 
-.84 
0.69 

-.85 
-.82 
-.68 

-.83 
-.80 
-.66 

'eff 

1.42 
1.54 
1.25 

1.43 
1.53 
1.23 

1.38 
1.42 
1.04 

1.38 
1.41 
1.01 

1.38 
1.40 
1 .oo 
1.35 
1.38 

.97 

1.33 
1.36 

.92 

1.30 
1.35 

.86 

1.27 
1.34 

.78 

1.24 
1.33 

.73 

TEMP. 
(OR) 

1239 
1199 
1074 

1299 
1263 
1133 

141 3 
1383 
1244 

1432 
1402 
1262 

1438 
1408 
1267 

1419 
1391 
1252 

1400 
1372 
1235 

1382 
1356 
1220 

1361 
1336 
1203 

1344 
1320 
1189 

c-54 



CONFIGURATION p.10 RESULTS (Cont'd) 

ELEMENT 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

1 
10 

131 

T I M E  
(set) 

3.23 

3.24 

3.25 

3.26 

3.28 

3.30 

3.325 

3.35 

3.375 

3.40 

r 

1.16 
1.28 

.50 

1.09 
1.23 

.34 

1.03 
1.18 

.22 

* 91 
1.09 

.002 

.71 
* 95 

-.38 

E 

.50 

.81 
-.52 

.31 

.66 
-1.03 

.12 

.50 
-1.34 

-. 031 
.37 

-1.54 

-1.58 
.27 

-1.75 

CUMULATIVE STRAIN (%) 
8 

-.39 
-.56 
-.17 

-.36 
-.54 

.29 

-.33 
-.52 

.38 

E 

-.28 
-.49 

55 

-.20 
-.46 

.82 

-.11 
- .42 

.91 

- .046 
-.39 
1.28 

.023 
A.35 
1.51 

.068 
-.32 
1.64 

.10 
-.31 
1.76 

2 
E 

-.ai 
-.7a 
-.64 

-.76 
-.74 
-.60 

-.73 
-.71 
-.57 

-.66 
-.64 
-.51 

-.52 
-.51 
-.40 

-.40 
-.40 
-.30 

-.27 
-.27 
-.19 

-.14 
-.14 

.075 

-.037 -. 043 
.015 

.058 

.052 

.094 

' e f f  

1.20 
1.31 

68 

1.13 
1.26 

.62 

1.06 
1.20 

.59 

.95 
1.10 

.61 

.74 

.96 

.ai 

. a9 

.54 

.82 

.34 

.66 
1.35 

.15 

.51 
1.65 

.068 

.40 
1.84 

.16 

.34 
2.03 

TEMP. 
(OR) 

1323 
1300 
1171 

1285 
1265 
1139 

1250 
1232 
1110 

1186 
1170 
1053 

1068 
1058 

950 

951 
946 
a46 

81 4 
81 3 
727 

679 

608 

569 
574 
51 2 

460 r e v  

682 

468 
41 7 r 

c-55 



CONFIGURATION p-10 RESULTS ( C o n t ' d )  

CUMULATIVE STRAIN (%) 
z E 8 E 

EL EME l\lT TEMP. 
( " R )  

. l l  .13 
-.31 .12 
1.81 .16 

1 3.425 -.24 
.20 

-1.85 

374 
384 
343 

.24 

.32 
2.11 

10 
131 

1 
10 

131 

3.45 -.30 
.14 

-1.92 

. l l  .19 
-.32 .18 
1.83 .21 

.30 

.32 
2.17 

298 
309 
276 

1 
10 

131 

3.50 -.36 

-1.99 
.094 

.OB1 .28 
-.36 .27 
1.81 .29 

.38 

.38 
2.21 

196 
206 
186 

3.70 -. 32 
.17 

-1.94 

1 
10 

131 

- .097 .36 
-.61 .35 
1.64 .36 

.40 

.59 
2.09 

104 
106 
101 

1 
10 

131 

3.90 -.29 

-1.92 
27 

-.19 .40 - .79 .40 
1.56 .40 

.43 

.75 
2.05 

50 
50 
50 

C-56 
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